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Foundation

Purpose of This Report

This report has been developed in response to wide-
spread interest for improving both mobility choices
and community character through a commitment to
creating and enhancing walkable communities. Many
agencies will work toward these goals using the con-
cepts and principles in this report to ensure the us-
ers, community and other key factors are considered
in the planning and design processes used to develop
walkable urban thoroughfares.

Traditionally, through thousands of years of human
settlement, urban streets have performed multiple
functions. Mobility was one of the functions, but
economic and social functions were important as
well. Retail and social transactions have occurred
along most urban thoroughfares throughout his-
tory. It is only in the 20th century that streets were
designed to separate the mobility function from
the economic and social functions. This report is
intended to facilitate the restoration of the com-
plex multiple functions of urban streets. It pro-
vides guidance for the design of walkable urban
thoroughfares in places that currently support the
mode of walking and in places where the commu-
nity desires to provide a more walkable thorough-
fare, and the context to support them in the future.

While the concepts and principles of context sensi-
tive solutions (CSS) are applicable to all types of
transportation facilities, this report focuses on ap-
plying the concepts and principles in the planning
and design of urban thoroughfares—facilities com-
monly designated by the conventional functional
classifications of arterials and collectors. Freeways,
expressways and local streets are not covered in this
report. The following chapters emphasize thor-
oughfares in “walkable communities”—compact,
pedestrian-scaled villages, neighborhoods, town
centers, urban centers, urban cores and other areas
where walking, bicycling and transit are encour-
aged. Practitioners working on places and thor-
oughfares that do not completely fit within this

report’s definition of walkable urban thoroughfares
may also find this guidance useful in gaining an
understanding of the flexibility that is inherent
in the “Green Book”—the American Association
of State Highway and Transportation Officials’
(AASHTO?s) Policy on Geometric Design of High-
ways and Streets (AASHTO, 2004a).

Throughout this report, for brevity, the terms
“principles of CSS” and “CSS” are used inter-
changeably.

CSS and This Report

The principles of CSS promote a collaborative, mul-

tidisciplinary process that involves all stakeholders in

planning and designing transportation facilities that:
¢  Meet the needs of users and stakeholders;

* Are compatible with their setting and preserve
scenic, aesthetic, historic and environmental
resources;

* Respect design objectives for safety, efliciency,
multimodal mobility, capacity and mainte-
nance; and

* Integrate community objectives and values
relating to compatibility, livability, sense of
place, urban design, cost and environmental

impacts. (FHWA and Atlanta Regional Com-

mission)

Applying the principles of CSS enhances the plan-
ning and design process by addressing objectives
and considerations not only for the transporta-
tion facility but also for the surrounding area and
its land uses, developments, economic and other
activities and environmental conditions. With a
thorough understanding of the CSS principles and
design process, the practitioner planning or design-
ing a thoroughfare seeks to integrate community
objectives, accommodate all users and make deci-
sions based on an understanding of the trade-offs
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that frequently accompany multiple or conflicting
needs.

Applying the principles of CSS in the transpor-
tation planning or project development process
identifies objectives, issues and trade-offs based on
stakeholder and community input starting at the
regional planning process and continuing through
each level of planning and project development
(for example, network, corridor and project). This
report provides guidance in how CSS principles
may be considered and applied in the processes in-
volved with planning and developing roadway im-
provements for walkable urban thoroughfares.

As documented in Context-Sensitive Design Around
the Country (TRB 2004), A Guide to Best Practic-
es for Achieving Context Sensitive Solutions (TRB
2002) and other sources, the principles of CSS are
successfully used in towns and cities as well as in
rural areas. Agencies are transforming the current
project development process to meet the expecta-
tions of all users and stakeholders. Integrating CSS
principles into the project development process re-
sults in the consideration of a broad range of ob-
jectives and an attempt to balance these objectives
based on the needs and conditions specific to each
project and its context. The use of CSS principles
in the project development process is resulting in
community interests, user needs and environmen-
tal issues being considered early in the development
of roadway improvement projects—specifically in
defining the project’s purpose and need and, as ap-
propriate, in other decisions in each phase of the
project.

Objectives of this Report

The objectives of this report are to
1. Identify how CSS principles can be applied
in the processes (for example, network, corri-
dor, project development) involved with plan-
ning and developing roadway improvement
projects on urban thoroughfares for walkable
communities;

2. Describe the relationship, compatibility and
trade-offs that may be appropriate when balanc-
ing the needs of all users, adjoining land uses,

environment and community interests when
making decisions in the project development
process;

3. Describe the principles of CSS and the benefits
and importance of these principles in transpor-
tation projects;

4. Present guidance on how to identify and select
appropriate thoroughfare types and correspond-
ing design parameters to best meet the walkabil-
ity needs in a particular context; and

5. Provide criteria for specific thoroughfare ele-
ments, along with guidance on balancing stake-
holder, community and environmental needs
and constraints in planning and designing walk-
able urban thoroughfare projects.

Walkable Communities

Walkable communities are urban places that sup-
port walking as an important part of people’s daily
travel through a complementary relationship between
transportation, land use and the urban design char-
acter of the place. In walkable communities, walking
is a desirable and efficient mode of transportation.
Although nearly every human environment can ac-
commodate some degree of walking, walkable com-
munities give additional value and support to make
walking an enjoyable experience (see sidebar regard-
ing the “continuum of walkability”).

Principles for walkable communities include the
following:

1. Accommodating pedestrians, bicycles, transit,
freight and motor vehicles within a fine-grained
urban circulation network where the allocation
of right of way on individual thoroughfares
is based on urban context, often determined
through the process in this report;

2. Providing a compact and mixed-use environ-
ment of urban buildings, public spaces and land-
scapes that support walking directly through the
built environment and indirectly by supporting
human and economic activities associated with
adjacent and surrounding land uses;

3. Achieving system-wide transportation capac-
ity by using a high level of multimodal net-
work connectivity, serving walkable commu-
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nities with appropriately spaced and properly
sized pedestrian, bicycle, transit and vehicular
components rather than by increasing the ve-
hicular capacity of individual thoroughfares;
and

4. Creating a supportive relationship between
thoroughfare and context by designing thor-
oughfares that will change as the surround-
ings vary in urban character.

Walkable communities have the following charac-
teristics:
1. A mix of land uses in close proximity to one
another;

2. A mix of density including relatively compact
developments (both residential and commer-
cial);

3. Building entries that front directly onto the
sidewalk without parking between entries and
the public right of way;

4. Building, landscape and thoroughfare design
that is pedestrian-scale—in other words, that
provides architectural and urban design fea-
tures scaled and detailed to be appreciated by
persons who are traveling slowly and observ-
ing from the sidewalk at street level;

5. Thoroughfares designed to serve the activities
generated by the adjacent context in terms of
the mobility, safety, access and place-making
functions of the public right of way; and

6. A highly connected, multimodal circulation
network, usually with a fine “grain” created by
relatively small blocks providing safe, contin-
uous and balanced multimodal facilities that
capitalize on compact urban development
patterns and densities.

The above principles and characteristics are the
qualities found in urban places where development
pattern, intensity and design combine to facilitate
frequent walking and transit use. In these places,
the nonauto modes are attractive and efficient
choices for many people, in concert with automo-
biles and their convenient and accessible parking.
An increasing number of communities are recog-
nizing the value of these features and are embracing
them in land use, urban design and transportation

Continuum of Walkability

At some level nearly every place in the built environ-
ment is walkable. Some places, such as freeways or
highways do not allow for pedestrians. At the other ex-
treme, public spaces such as plazas, parks and pedes-
trian malls are primarily for pedestrians and generally
exclude vehicles. Thoroughfares that are in between
these two extremes require trade-offs between pedes-
trian and vehicle priority. The focus of this report is on
the thoroughfares that are “pedestrian supportive” as
shown in the spectrum of pedestrian and vehicle sup-
portiveness below. Some of the concepts in this report
can be used in pedestrian-tolerant areas as well.

Pedestrian Status Yehicle Status
Pedestrian Priority Pedestrian Places Yehicle Inwolerant
Focus of Pedestrian - Vehicle Tolerant
Report Supportive

Pedestrian Tolerant - Vahicle Supportive

Vehicle Priority
Padestrian Intolerant Vahicle Placas

Pedestrian priority on urban thoroughfares falls into
the following ranges:

e  Pedestrian places—mixed-use areas with a
significant pedestrian presence, not dominat-
ed by, and sometimes prohibiting, vehicles;

e Pedestrian supportive—mixed-use areas with
moderate to significant pedestrian presence;

e  Pedestrian tolerant—areas that minimally ac-
commodate pedestrians but do not support a
high level of pedestrian activity and are usually
vehicle dominant; and

e Pedestrian intolerant—areas with little support
for walking or that prohibit pedestrians and are
vehicle dominant.

Thoroughfares that are pedestrian supportive range
from being tolerant to supportive of vehicular access
and mobility. The specifics of the community’s objec-
tives, transportation needs and priorities are resolved
through the CSS process to arrive at the proper thor-
oughfare design solutions.

Source: Adapted from a system for describing “de-

grees of walkability” for street environments, Charlier
Associates.
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plans, often using techniques drawn from planning
and design movements such as smart growth and
new urbanism.

As the successful design of walkable communities
is complex and is not the primary focus of this re-
port, the following references are provided as some
of the many sources for useful guidance regarding
the overall design of walkable communities:

1. Promoting Sustainable Transportation Through
Site Design: An ITE Recommended Practice,
2010. This document provides specific guid-
ance regarding the design of sites to create a
context that supports walkable urban thor-
oughfares.

2. SmartCode v9.2, (Andres Duany, Sandy Sor-
lien, and William Wright, 2008). This docu-
ment is a model development code for walk-
able communities that is based upon the
Transect.

Applicability of this
Recommended Practice

This recommended practice provides guidance for
designing urban thoroughfares—facilities designated
as arterials or collectors—to support walkable com-
munities. Most applications of the design guidance
included in this report will often apply in one of the
following two circumstances:
1. A thoroughfare project in an existing walkable
community where its multimodal character is
to be preserved and enhanced; or

2. A thoroughfare project in an area where com-
munity goals call for a walkable context, in
which case applying this design guidance will
shape public investment to advance those
goals.

Both circumstances can apply to either new con-
struction or retrofit projects.

Commitment to walkable communities as a goal
means that throughout the design process, location
will serve as a design control (see Chapter 7). As a
result, design decisions will consistently favor those
elements and dimensions that are most supportive

of walkable community characteristics. Examples
of the design-decision processes favoring walkable
community outcomes are provided in Chapter 5.

Other development contexts will also benefit from
applying the guidance presented in this report. These
include places characterized by business parks, resi-
dential subdivisions and strip commercial develop-
ment. In areas such as these, outside of existing and
evolving walkable communities, this report can help
designers provide benefits including

* Safe and comfortable facilities for pedestrians;

e Attractive streetside areas;

* Appropriate sizing of facilities with respect to
pavement width, with associated potential for
cost savings in right-of-way acquisition, con-
struction and maintenance;

* Successful integration of transit facilities and
operations; and

* Speed management.

In cases where the design guidance is being used in
development contexts other than walkable commu-
nities (existing or planned), design controls other
than location may dominate trade-off decisions.

Relationship to Other Guidance

This report supplements and expands on policies,
guides and standards commonly used by state and
local transportation, engineering and public works
engineers and planners. Those publications include
A Policy on Geometric Design of Highways and Streets
(AASHTO 2004a); Guide for the Planning, Design
and Operation of Pedestrian Facilities (AASHTO
2004b); Guide for the Development of Bicycle Facilities
(AASHTO 1999); Highway Safety Design and Opera-
tions Guide (AASHTO 1997); Roadside Design Guide
(AASHTO 2002); as well as state department of
transportation design policies and manuals, local mu-
nicipal street design standards, urban design guides
and guidances published by other standard-setting
organizations. This publication expands on informa-
tion published by the Federal Highway Administra-
tion (FHWA) in Flexibility in Highway Design (1997)
and the Manual on Uniform Traffic Control Devices
(2009) and builds upon the considerations in devel-
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oping context sensitive solutions described in A Guide

Jfor Achieving Flexibility in Highway Design (AASHTO
2004c). This report is intended to illustrate how
AASHTO guidance can be applied to roadway
improvement projects to make them more com-
patible with community objectives and context in
urban areas.

The flexibility encouraged in this report is consis-
tent with the policies and intent expressed in the
American Association of State Highway and Trans-
portation Officials’ (AASHTO) Policy on Geometric
Design of Highways and Streets. Most of the criteria
in this report are based on AASHTO design crite-
ria, and this report shows how the criteria can be
applied to create context sensitive designs in places
with the qualities of traditional urbanism. This
report presents guidance from sources other than
AASHTO, citing these sources at the end of each
chapter. This report incorporates by reference con-
sistency with guidelines and standards published in
the latest version of the Americans with Disabili-
ties Act Accessibility Guidelines (ADAAG) as well
as the Public Rights-of-Way Accessibility Guidelines
(PROWAG), which both can be found at www.

access-board.gov.

This report augments information found in the
above resources by providing guidance on
1. Applying CSS principles in the planning and

design of urban thoroughfares;

2. Considering a broader set of factors during
the planning and design of walkable urban
thoroughfares;

3. Recognizing the importance of context, the
role of sites and buildings and how context
influences the design of the thoroughfare and
vice versa; and

4. Providing an understanding of how thorough-
fare design criteria should vary depending on
the context through which the thoroughfare
passes.

Organization

This report is divided into three parts: introduction,
planning and design. There are ten chapters:
* Chapter 1 provides the introduction.

* Chapters 2 through 4 describe how CSS prin-
ciples are used in the planning and project de-
velopment processes.

* Chapters 5 through 10 address the thorough-

fare design process and specific design criteria.

* The appendices contain definitions of key
terms and concepts, as well as a primer on CSS.

Table 1.1 lists the chapters and provides an overview
of the material that is addressed in each chapter.

Chapter 6 provides general design parameters and
example designs for urban thoroughfares with
speeds up to 35 mph in areas with high levels of
pedestrian, bicycle and transit activity. Chapter 7
presents general design controls that apply to urban
thoroughfare design. Design guidelines in Chapters
8 through 10 focus on the streetside, traveled way
and intersection design of lower-speed thorough-
fares, but much of this guidance also can be applied
to higher-speed facilities.

Who Should Use This Report

This report is for practitioners and stakeholders in-
volved in planning and designing urban thorough-
fares for walkable communities. Users are encour-
aged to consider the principles and guidelines in this
report in conjunction with applicable local policies
and manuals. Table 1.2 presents many of the in-
tended users and their responsibilities where CSS
principles may be considered. Each user listed in
Table 1.2 represents a different set of stakeholders
that bring different perspectives and responsibilities
to the transportation planning and project devel-
opment processes to best meet the needs of all the
stakeholders. However, all users may benefit from
an understanding of CSS principles and how they
might be integrated into their work.
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Table 1.1 Contents of This Report

Chapter Title Material that is Addressed

Part 1: Introduction

1—rFoundation The background behind this guidance and an overview of the principles
of CSS.

Part 2: Planning

2—Planning and Developing Context Sensitive Urban An overview of the transportation planning and project development
Thoroughfares process and how CSS principles are applied with these processes.

3—Network and Corridor Planning An overview of thoroughfare network types, characteristics of successful
networks and network design guidelines. An overview of the corridor plan-
ning process and the role of CSS.

4—A Framework for Walkable Urban Thoroughfare Design An introduction into the design framework for context sensitive thorough-
fare design, context zones, their characteristics and the features that create
context and a description of thoroughfare types and their relationship with
functional classifications, compatibility with context zones and general de-
sign parameters.

Part 3: Design

5—Thoroughfare Design Process A process for using this report to design thoroughfares, how to design thor-
oughfares within constrained rights of way and flexibility in the application
of design criteria.

6—Thoroughfare Designs for Walkable Urban Areas General design parameters for thoroughfare types, variations in the street-
side and traveled way under varying conditions and example thoroughfare
designs.

7—Design Controls A discussion of the engineering controls and level of flexibility critical in
context sensitive design, including design vehicle, roadway geometrics and
design speed.

8—Streetside Design Guidelines General principles, design considerations and detailed guidance for the de-
sign of the elements that comprise the streetside.

9—Traveled Way Design Guidelines General principles, design considerations and detailed guidance for the de-
sign of the elements that comprise the traveled way.

10—Intersection Design Guidelines General principles, design considerations and detailed guidance for the de-
sign of the elements that comprise multimodal intersections.
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Table 1.2 Intended Users and Responsibilities

User Responsibilities

All Users e Participate in preparing transportation plans;
o Help establish community vision and project goals and objectives; and
o Help develop and evaluate thoroughfare concepts, alternatives and impacts.

Transportation Planner Develops and evaluates long-range transportation plans;

Helps establish community vision and project goals and objectives;

Develops and evaluates thoroughfare concepts, alternatives and impacts; and

Works with public, stakeholders and multidisciplinary teams to integrate transportation and land use

planning.

Traffic/Civil Engineer Prepares purpose and need for transportation projects;

Develops initial thoroughfare concepts and prepares detailed evaluations of these concepts;
Identifies design controls and parameters, constraints and trade-offs;

Works with public, stakeholders and multidisciplinary teams to resolve design challenges; and

Prepares preliminary and final engineering plans.

Land Use Planner Develops long-range land use plans;

Helps establish community vision and goals and objectives for neighborhoods and corridors;
Works with multidisciplinary team to establish and identify context;

Formulates land use policy that affects thoroughfare design; and

Establishes land use regulations (subdivision, zoning and so forth) that guide context.

Design Professional o Designs integral elements of the thoroughfare and its surrounding context including buildings, sites and
- Architect streetscape features;
- Urban Designer o Works with public, stakeholders and multidisciplinary teams to resolve design challenges; and
- Landscape Architect o Prepares environmental assessments; identifies impacts and mitigation measures.
Stakeholders e Provide local and regional input and leadership;
- Elected Officials e Provide funding and financing mechanisms for development of context and thoroughfares;
- Appointed Commissioners e Have jurisdiction and approval authority over plans and designs; and
- Developers e Work closely with the general public to achieve community acceptance of projects.
-Local, Regional and State
Agencies
- Citizens
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Purpose

This chapter describes, in general terms, the trans-
portation planning and project development pro-
cesses. It provides a broad overview of each stage
of the processes and emphasizes that CSS prin-
ciples can be applied at each stage. The transpor-
tation planning overview in this chapter provides
the background for the practitioner to understand
the principles and guidance on network and cor-
ridor planning presented in Chapter 3. Similarly,
the overview of the project development process
introduces the stages for planning and designing
roadway improvement projects, which supports the
information presented in Chapters 4 through 10.

Objectives

This chapter
1. Broadly describes how CSS principles can be
integrated into the transportation planning
process; and

2. Describes how CSS can be integrated into the
project development process and identifies
the applicable steps.

CSS in the Transportation
Planning Process

Transportation planning is a continuing, compre-
hensive and collaborative process to encourage the
development of a multimodal transportation system
to ensure safe and efficient movement of people and
goods while balancing environmental and commu-
nity needs. The process is designed to promote in-
volvement by all levels of government, stakeholders
and the general public. The transportation planning
process is concentrated at four levels of government:
federal, state, metropolitan, or regional, and local
agency. Table 2.1 describes the planning roles and
responsibilities at the various government levels and
shows how CSS can be applied at each level.

ite=

2

The planning process examines demographic char-
acteristics and travel patterns for a given area, shows
how these characteristics will change over a given
period of time and evaluates alternative improve-
ments for the transportation system. Table 2.1 also
summarizes how CSS can be applied in each of the
planning tiers. The planning tiers are divided into
four levels:

1. National—Responsible for legislation and
oversight and development of policies and
regulations, as well as providing funding for
transportation projects at the state, regional
and local level.

2. Statewide—Responsible for long- and short-
range transportation planning, development
of transportation regulations and standards,
oversight and development of transportation
programs, transportation funding and imple-
mentation, and maintenance and operation of
the state highway system.

3. Metropolitan or Regional-Responsible for
areawide planning, projections and coordina-
tion; generally these agencies are metropolitan
planning organizations (MPOs) in urbanized
areas with more than 50,000 population or
cover rural and small city regions outside the
MPO areas. MPOs also coordinate metropoli-
tan plan adoption, project selection and alloca-
tion of federal and some state funding.

4. Local Agency—Responsible for local plan-
ning and project development, operations and
maintenance of transportation facilities.

The consideration of CSS principles can allow the
different agency planning-level goals and objectives
to be reflected in the initial or early development of
individual projects and may convey information for
use in defining the purpose and need. In addition,
CSS considerations in transportation planning can
identify issues or decisions facing the region, allow-
ing for consensus and a shared understanding of the
major sources of change that affect the future.
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Table 2.1 Transportation Planning Tiers and CSS Applications

Responsibilities

CSS Applications

e Authorizing legislation
o Federal regulations

o Federal policy
[ ]
[ ]

e Interpreting legislation
e Federal policy and regulations
o Development of CSS and flexible

e System and corridor planning

e Strategic system plans

e Regional/agency operational programs
and plans

o State transportation improvement pro-
grams (STIP)

o Highway construction funding

National Research programs design guidance
Highway construction funding e Demonstration projects
e Research programs addressing design
issues

Statewide State DOT Long-Range e Network design and connectivity plans

Planning (10 to 50 Years) e Multimodal and CSS policies

e Strategic plans e Public participation in CSS vision and

e Transportation plans plan development

e Plans and programs e Developing CSS and flexible design

p guidance

rograms and System Plans e State design manual revisions

Statewide (5 to 10 Years) 9

Context sensitive designs of highways
and thoroughfares

Coordination with resource agencies
Demonstration programs

Staff and local agency training

CSS funding partnerships

Regional/Metropolitan

Regional Long-Range Planning
(10 to 50 Years)

e Agency strategic plans

® Regional transportation plans

e Agency plans and programs

Programs and System Plans

(5 to 10 Years)

e System and corridor planning

e Strategic system plans

e Agency and regional transportation
improvement programs (TIPs)

e Transportation construction funding,
coordination and prioritization

Network design and connectivity plans
Multimodal and CSS policies

Context sensitive highway and thor-
oughfare corridor studies

Coordinating among agencies

Staff and local agency training

CSS funding partnerships

Local Agency

e (perations, management strategies
and plans

Roadway improvement projects
Planning, design and enhancements
Support services

Capital improvement programs

Local design manual/standards
Corridor plans

Thoroughfare plans

Multimodal and CSS policies in com-
prehensive plans

Integrating CSS into project develop-
ment process (includes public participa-
tion)

Source: Adapted from Freeway Management and Operations Handbook, Federal Highway Administration
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Integrating CSS principles within the transpor-
tation planning process assists regions and com-
munities in reaching their transportation goals by
encouraging the consideration of land use, trans-
portation and infrastructure needs in an integrated
manner. When transportation planning reflects
community input and takes into consideration
the impacts on both natural and human environ-
ments, it also promotes partnerships that lead to
“balanced” decision making. Incorporating CSS
considerations within transportation planning also
produces better environmental results by advanc-
ing the ability to identify sensitive environmental
resources while facilitating cooperative interagency
relationships.

The benefits of integrating CSS in the planning
process encourages public support for transporta-
tion plans and cooperation among agencies, reduc-
es project delays by minimizing controversy and
saves time and funds. CSS also fosters conservation
of environmental and community resources. The
probable benefits when working collaboratively
with stakeholders includes the production of a full
range of options, an understanding of trade-offs
and consensus on key decisions. This results in in-
formation that directly feeds into, and accelerates
the project development process.

Without adoption and support of CSS principles
by agencies (for example, policies, procedures,
standards and programs), it will be challenging
and difficult to apply CSS in either a transporta-
tion planning process or improvement project. If
a regional long-range transportation plan or local
corridor plan has not incorporated a process that
considers CSS, it may limit the range of options
and the best overall solution. For example, chang-
ing the functional classification of a roadway to
be more compatible with its surroundings should
be considered at the level of the long-range trans-
portation plan so that the change can be evaluated
within the context of the entire network. Without
a large-scale evaluation and adoption of the change
in a plan, it will be difficult to change the function-
al classification at the project development stage,
even if conditions justify the change.

Complete Streets

Some communities have adopted “complete
streets” laws and policies to ensure that their roads
and streets are routinely designed and operated
to provide the safest achievable access for all us-
ers, including motorists, bicyclists, pedestrians and
transit riders. In communities with complete streets
policies, the objective is for pedestrians, bicyclists,
motorists and transit riders of all ages and abili-
ties to be able to safely move along and across an
urban street.

A complete streets policy creates a routine process
for providing for all travel modes whenever a street
is built, altered, or maintained. Such policies have
been adopted at the state level in the United States
(Oregon, California, lllinois, South Carolina and Vir-
ginia), by MPOs (Central Ohio, California Bay Area)
and by local governments (Charlotte, NC; Sacra-
mento, CA; Boulder, CO; and Chicago, IL).

Communities with street projects will benefit greatly
from the application of CSS principles. The recom-
mendations of this report can help communities
implement complete streets policies.

While context sensitive solutions involve stakehold-
ers in considering a transportation facility in its
entire social, environmental and aesthetic context,
complete street policies are a reminder that provid-
ing for safe travel by users of all modes is the prima-
ry function of the corridor. Under complete streets,
basic accommodations for bicyclists, pedestrians,
transit users and disabled travelers are necessities
rather than optional items. All modes and users are
important on all thoroughfares.

For more information on complete streets, visit
www.completestreets.org.

The process usually involves the steps shown in
Figure 2.1. The general process is introduced here
to demonstrate how each stage provides an oppor-
tunity to integrate CSS principles, beginning with
the first step in the process—developing a vision,
goals and policies. Below is a brief discussion of
each step and the possible outcomes when CSS is
part of the process.

Vision and Goals: It is at this step that the overall
vision and goals for how the transportation system
shall be designed, built, operated and maintained
is decided. Applying CSS principles, at this level
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Vision and Goals

v

Definition of Needs

v

Development of
Alternatives

v

Alternatives Evaluation

v

Developmentofa
Transportation Plan

v

Transportation
Improvement Program

v

Project Development
and Implementation

v

Operation and
Maintenance

Public and Stakeholder Involvement

Figure 2.1 Transportation planning process.
Source: Kimley-Horn and Associates, Inc.

helps to integrate the regional, local and neighbor-
hood vision for the physical nature and economic
vitality of communities. CSS principles can result
in compatibility between the facility and its sur-
roundings so that the two are mutually supportive,
whether in urban or rural settings. Possible out-
comes of this step include:

* Long-range vision for the community and project;

* Community values and issues;

* Supporting data;

*  Community and agency priorities;
* Development of a multidisciplinary team;

* Education of stakeholders regarding issues, process
and constraints; and

* An established planning process that identifies de-
cision points and stakeholder roles and responsi-
bilities.

Definition of Needs: A process that incorporates CSS,
inclusive of all stakeholders, can help define the needs
of the transportation plan or project based on the goals,
objectives and visions established earlier. By proactively
identifying stakeholder values, issues and concerns, CSS
allows development of an inclusive problem/need state-
ment consistent with applicable policies and require-
ments. The possible outcomes of this step include:

* Acceptance of a problem statement that reflects

community and agency perspectives;

* A broad and comprehensive needs statement re-
flecting community values as well as the transpor-
tation need; and

* Evaluation criteria and performance measures.

Development of Alternatives: CSS encourages use of
the vision, goals and needs as the basis for developing a
full range of options in a collaborative and participatory
process, resulting in flexible and innovative solutions.
Objectivity in developing the alternatives is critical.
What seem at first sight to be infeasible options often
can be refined into workable solutions. The possible out-
comes of this step include:

* A full range of alternatives that meet the needs state-

meng

* Avoiding unlikely (straw man) alternatives;

* Opportunities for enhancement and flexibility to
modify alternatives;

¢ Consideration of all modes and all users;

¢ Consideration of innovative and feasible solutions;
and

* Clear, understandable and graphical portrayal of

alternatives.

Alternatives Evaluation: CSS encourages objective

evaluation of the trade-offs between different alterna-

16 Designing Walkable Urban Thoroughfares: A Context Sensitive Approach



tives, always relating back to evaluation criteria. As a
result, stakeholders will be better able to support and
endorse plans and designs. The possible outcomes of
this step include:
* Participatory and transparent evaluation pro-
cess;

¢ (Clear assessment of trade-offs;

* Equal level of assessment for accurate compari-
son;

¢ Information to assist decision makers; and

* Clear reasoning behind rejection of alternatives.

Development of a Transportation Plan and Trans-
portation Improvement Program (TIP): CSS prin-
ciples can be integrated into the development of
a long-term transportation network, with a goal of
achieving increasingly diverse travel modes and im-
proving the overall operation of the transportation
system. As a strategy that enhances safety and encour-
ages all travel modes, CSS projects (transportation
enhancements) may draw upon different funding
sources than do conventional projects. The possible
outcomes of this step include a plan that:

* Reflects the vision and community values and

meets the needs statement;

* Identifies opportunities to enhance community
resources;

* Encompasses traditional and innovative solu-
tions; and

* Engenders community ownership and endorse-
ment.

Project Development and Implementation: CSS
principles can have the most profound effect on this
step in the planning and design process as transporta-
tion projects are taken from the conceptual stage to
implementation. The possible outcomes of this step
include:

* Innovative solutions that meet project needs, re-

flect community values and enhance resources;

* Expedited approval of projects through early

and consistent stakeholder involvement;

* Application of design flexibility and documen-
tation of design decisions;

Transportation Visioning

Communities determine their own vision for transpor-
tation—describing an ideal that reflects their values,
concerns and priorities. Below are examples of a trans-
portation vision from two communities.

“Moving people and goods within and across the
metropolitan boundaries safely, conveniently and re-
liably by providing an integrated and accessible trans-
portation system comprised of a balanced range of
travel options.”

The Livable Metropolis, official plan of the Municipality
of Metropolitan Toronto,

“Traffic in the corridors will be calmed to foster a
relaxed, accessible, outdoor-oriented, pedestrian-
friendly urban village. The issues outlined below ex-
pand upon the vision statement and become a set of
principles to guide future public and private invest-
ment and also create a “measuring stick” by which
to evaluate consistency with the vision, and thereby
appropriateness, of these future investments:

e Slow the traffic;

e Divert cut-through traffic around Upper
Arlington;

e  Build safe crosswalks;

e  Build sidewalks and bikeways;

e Plant more street trees; and

e Encourage redevelopment that is scaled to en-
couragef/foster street life.

“100-year lifespan vision of Upper Arlington Streets”
Lane Avenue and Tremont Road
Street Planning and Transportation Vision, City of
Upper Arlington, Ohio.

» Continuation of stakeholder input through de-
sign and construction; and

* Assurance that commitments made in the plan-
ning process are honored through construction.

Public and Stakeholder Involvement: CSS by defi-
nition is a process that involves, and attempts to build
consensus among, a diverse group of stakeholders.
The possible outcomes of this step include:

* Early involvement;

* A variety of traditional and innovative ways to
engage the community (e.g., workshops, cha-
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rettes, newsletters, focus groups, Web sites, in-
terviews);

* A high level of agency credibility and public
trust throughout the involvement process;

* Engagement of underserved and minority com-
munities;

* Equal participation of stakeholders; and

* Education of the public regarding the planning
and project development processes, constraints
and agency perspectives.

Operations and Maintenance: The transportation
planning and project development processes consider
the effects of decisions on costs, liability risks and op-
erations and maintenance. Application of CCS prin-
ciples and design guidance can affect these aspects of
project development and need to be carefully consid-
ered. Examples include the need to maintain land-
scaping, the effects of CSS design on utility main-
tenance and liabilities associated with certain design
elements in public places. The possible outcomes of
this step include:

* Dlans to monitor performance (particularly de-

sign exceptions) and receive feedback; and

¢ Commitment to maintain facilities.

CSS in the Project
Development Process

Figure 2.2 combines the basic phases of the transpor-
tation planning and project development processes
for transportation facilities involving federal funds.
This figure illustrates how the transportation plan-
ning process relates to the project development pro-
cess. The figure is intended to show how information
for transportation improvements to a thoroughfare
developed in the transportation process provides in-
put into the project development process. This type
of information includes:

* Multimodal role of thoroughfares within the

network;

* Relationship between land uses and the trans-
portation system;

¢ Travel demand forecasts for various modes of
travel;

e Performance measures and criteria used to eval-
uate individual transportation projects;

* Multimodal performance of the network and
individual corridors;

* Specific capital projects and funding sources;

* Goals and policies that provide direction for the
development of individual transportation proj-
ects; and

* DPrioritization of projects.

The information presented in this report requires an un-
derstanding of the existing and future context in urban
areas. The application of CSS principles also requires
one to know the ways to use the design of the thorough-
fare itself to provide mutual support between the thor-
oughfare and existing and planned adjacent land uses
and development patterns. While CSS principles should
be considered at the highest level of planning and be in-
tegrated into the culture of transportation agencies, in
project development, CSS principles should be intro-
duced at the earliest stage—the needs study.

Integrating CSS in the project development process
significantly influences the development of project
concepts. Project concepts should emerge from a full
understanding of the relationship between the thor-
oughfare, adjoining property and character of the
broader urban area. Modal emphasis should be estab-
lished in the early stages of project development, not
addressed as an afterthought in preliminary engineer-
ing. In the project scoping or planning step, which
includes an environmental review, all alternative anal-
yses may incorporate the principles of CSS.

CSS highlights the need for context sensitive perfor-
mance measures and criteria for selecting the preferred
alternative at this stage of project development. The
project development process in Figure 2.2 illustrates
where the information in this report can be used in
the process. The steps discussed are highlighted in the
flowcharts that follow (Figures 2.3 through 2.6):

* Long-Range Transportation Plan: In this part
of the process, the reports network planning
and design guidelines (Chapter 3) can be used
to help prepare long-range transportation plans
and network connectivity supporting context-

based thoroughfares. Additionally, the thorough-
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fare types described in Chapter 4 may be inte-
grated into the development of long-range plans.
The long-range transportation planning process
provides an opportunity to identify those places
where local agency land use and development
policies can best support urban CSS, such as pe-
destrian-scale districts, town center designs and
transit corridors. These policy decisions can then
be reflected in the development of thoroughfare
classifications.

Needs Study and Project Concepts: The fun-
damentals of urban context sensitive design, the
design framework introduced in Chapter 3 and
the thoroughfare design process and example
thoroughfare designs (Chapters 5 and 6) are
important tools in the needs study and devel-
opment of project concepts. Multidisciplinary
team and stakeholder involvement is critical in
this early step.

The project concept will emerge from an un-
derstanding of the relationships between thor-
oughfare types and context zones, along with
other unique project circumstances, values, or
objectives. Additionally, a thoroughfare’s mod-
al emphasis should be clearly identified in the
project concept phase. Chapters 3 and 5 pro-

vide the tools for corresponding specific thor-
oughfare types to various contexts and describe
how to prioritize design elements and assemble
the cross sections based on context and poten-
tially constrained conditions. Data input to the
project concept phase of project development
should include information relating to land use
development patterns and design features that
support present conditions and, equally impor-
tant, the vision for the future context.

Project Planning and Alternatives Analysis:
Includes development and evaluation of alter-
natives and environmental review. The develop-
ment of alternatives may use the techniques and
design criteria presented in this report, including
accessibility. Each alternative should incorporate
the appropriate design characteristics compatible
with the context.

Preliminary Engineering and Final Design:
The processes described in Part 3 of this re-
port—thoroughfare design controls and detailed
guidelines—are suitable tools for use in the pre-
liminary engineering and final design phases of
the project development process. These chapters
provide information to establish an initial de-
sign for testing, identify trade-offs and prepare a
final concept for engineering.

Chapter 2: Planning and Developing Context Sensitive Urban Thoroughfares
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Purpose

This chapter describes the interrelationship between
the broader transportation network, corridors and in-
dividual thoroughfare segments. It presents how the
principles of CSS can be used in the planning for urban
thoroughfares at the network, region, or corridor lev-
els to support or create walkable places. Understanding
this relationship will contribute to the consideration of
key issues and community objectives and to the devel-
opment of a broader set of alternatives and improved
flexibility when planning and developing transporta-
tion improvement projects.

This chapter provides the network plan context from
which transportation projects are selected for further
development and design. The chapter is intended to
provide background related to network planning, but
other documents; such as the upcoming ITE Planning
Urban Roadway Systems and the CNU Statement of
Principles on Transportation Networks contain recom-
mendations on how to prepare such plans.

This report emphasizes the introduction of CSS prin-
ciples early in the planning process. Network and cor-
ridor planning is an early opportunity to integrate com-
munity goals into specific urban thoroughfare projects.
This helps expedite the project development process by
identifying and addressing key issues and community
objectives early, rather than for the first time during
the planning and design of an individual thoroughfare
project. Integrating CSS principles into the network and
corridor planning process can:
* Determine how decisions for individual thorough-
fare segments affect the corridor and network as a
whole;

* Establish objectives, operational concepts, perfor-
mance measures and thresholds, land uses, access
control and functional classification for an entire
network or corridor, which can be applied to indi-
vidual thoroughfare segments in project develop-
ment; and

The Roles of Network and Corridor Plans

Long Range or Regional Network Plan:

Links transportation system to other
metropolitan functions such as land use,
environment, economy and so forth;

Defines the transportation system for large
areas in terms of corridors and guidance
for the finer-grained network between
corridors;

Integrates multimodal systems such as
highways, streets, freight, transit, bicycle
and pedestrian; and

Develops modal networks such as a
thoroughfare plan, rail system, bus system,
or bicycle network.

Corridor Plan:

Links corridor to surrounding metropolitan
functions such as land use;

Coordinates and integrates multiple modes
of transportation within the corridor; and

Establishes the function and operation and
design criteria for the individual facilities in
the corridor.

Project Development Process:

Confirms need for facility improvement;

Develops conceptual, preliminary and final
designs;

Provides analysis of potential environmental
impacts and mitigation measures; and

Establishes costs and

program.

implementation

Chapter 3: Network and Corridor Planning
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* Allow for policy, political and public debate on
issues that impact a broader area than an in-
dividual thoroughfare segment (e.g., regional,
corridor, community).

The early integration of CSS principles will influ-
ence desired change systematically rather than a
piecemeal process.

Objectives

This chapter
1. Provides CSS principles and considerations for
planning and designing transportation networks
and corridors;

2. Provides guidelines on how CSS principles can be
applied and design issues addressed at the network
or corridor planning level;

3. Empbhasizes that solutions may be found at the
scale of the network and corridor rather than the
individual thoroughfare (such as a denser net-
work of streets or parallel facilities that provide
equivalent function and capacity to the alterna-
tive of widening an individual thoroughfare);
and

4. Shows how thoroughfares function within a net-
work and how the CSS approach to improvements
of specific segments of a thoroughfare relate to the
thoroughfare’s role in the network.

The guidelines presented in this chapter apply to both
new development and retrofit conditions. Improving
an existing situation will depend on the degree of con-
nectivity, flexibility and capacity of the existing network,
and the extent the network can be modified to accom-
modate the desired improvements.

Introduction

Chapter 2 presented a broad overview of the transpor-
tation planning and project development processes and
described how CSS principles can be applied in each
step of the process. This chapter builds on Chapter 2
by describing principles and guidelines that can be used
at the network and corridor scales to create or improve
urban walkable areas.

Network, or “system,” planning sets the strategic direc-
tion and framework around which the various com-
ponents and facilities will eventually be constructed or
redeveloped. It is a series of high-level incremental plans
leading to the design of individual thoroughfare seg-
ments that is consistent with the framework. Network
planning defines goals for all modes of transportation
and facilities. These long-range plans typically contain:
* A vision for the ultimate transportation system,
goals and policies related to each mode of travel;

* Technical information on travel patterns and fore-
casts;

* A capital program for individual projects as part of
the transportation system; and

* An action plan for implementing the plan over
time.

The long-range transportation plan should consider
the role and function of a multimodal transportation
network for an entire region or metropolitan area.
Corridors are transportation pathways that provide
for the movement of people and goods between and
within activity centers. A corridor plan encompasses
single or multiple transportation routes or facilities
(such as thoroughfares, public transit, railroads, high-
ways, bikeways, trails, or sidewalks), the adjacent land
uses and the connecting network of streets.

Corridor planning encompasses a scale that is large
enough to consider the context and network, but
small enough to be comprehensible by the pub-
lic. Corridor planning applies multiple strategies to
achieve specific land use and transportation objectives
along a transportation corridor, combining capital
improvements and management strategies into a uni-
fied plan for the corridor.!

CSS in Network Planning

Oftentimes the challenges encountered creating more
walkable urban thoroughfares can be resolved at the
scale of the network or the corridor. Network planning:
* Establishes a framework for the transportation
system;

1 Corridor planning as defined by the New York State Depart-
ment of Transportation.
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* Distinguishes for individual segments;
*  Functions;
* Modal emphasis; and

* Operational features.

Familiar characteristics addressed include:
* Alignment;

* Spacing;

e Functional classification;

e Access control;

e Determination of number of lanes; and

* Designation for major freight and transit routes.

Ideally, network planning takes place at the early
stages of regional development and is integrated into
a comprehensive planning process that concurrently
addresses land use, transportation and environmental
resource management. In practice, especially in areas
with multiple jurisdictions, network planning is often
conducted in a piecemeal manner by multiple agen-
cies with different geographic jurisdictions, missions
and powers. For the practitioner planning or design-
ing a thoroughfare segment, considering network de-
sign and function can lead to solutions that balance
between demands for vehicle throughput and support
for adjacent development.

The design process—the subject of this report—needs
to recognize the role of a thoroughfare as part of a
large-scale, multimodal network. The project develop-
ment process should consider the regional, subregional
and neighborhood functions of the thoroughfare in re-
lation to urban form and character. The design of the
individual thoroughfare, therefore, is linked to both its
context and the performance of the network. A multi-
modal network may identify some thoroughfares that
empbhasize vehicles or trucks, while others emphasize
pedestrians and transit.

CSS merges a community’s comprehensive corridor
objectives with mobility objectives in a manner accept-
able to a variety of stakeholders. Two critical common
characteristics for desirable thoroughfares are compat-
ibility and support for the corridor context and provid-
ing a high degree of multimodal connectivity.

The context may vary along the length of the thor-
oughfare. The combination of function, context, or
other changes may cause the design of the thorough-
fare to vary along its length.

Network characteristics have a meaningful impact on
urban development patterns. For example, compact,
mixed-use areas are dependent on a pattern of highly
connected local and major thoroughfares. The high
level of connectivity results in short blocks that pro-
vide many choices of routes to destinations, support
a fine-grained urban lot pattern and provide direct
access to many properties. Walkable suburban areas
should be similarly supported by a high level of street
or path connectivity.

One fundamental tension that is commonly encoun-
tered in the application of CSS principles is between
the desire of local residents to emphasize character and
walkability in thoroughfare design and the desire of
transportation agencies to emphasize vehicle capacity
or the ability to accommodate projected regional travel
demand. The tension between these objectives is best
addressed through consideration of the broader net-
work and corridor in conjunction with the individual
thoroughfare.

Network characteristics are factors that provide op-
portunity for CSS. Connectivity, parallel routes and
corridor capacity contribute to a transportation system
that can accommodate projected demand by dispers-
ing traffic, transit, freight and bicyclists across a system
of parallel roadways.

This report addresses urban thoroughfares except lim-
ited-access facilities and local streets. However, when
considering network design, properly located express
thoroughfares—freeways/tollways, ~expressways and
parkways—supplement the urban arterial thorough-
fare network by providing high-speed, high-capacity
service for longer trips. High vehicular capacity facili-
ties permit other thoroughfares to balance the move-
ment of traffic with other local objectives. If well con-
nected to the larger thoroughfare network, local streets
can also provide parallel capacity in the network to ac-
commodate local, shorter trips.
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Figure 3.1 Example of a conventional network.
Source: Data available from U.S. Geological Survey, EROS
Data Center, Sioux Falls, SD.

Effective Network Planning for
Walkable Areas

Network planning at the regional scale by regional
or metropolitan planning agencies typically includes
only highways, arterials and major collector systems.
The planning of the finer grid of local residential and
commercial streets is typically prepared at the county
and/or city scale. As described above, regional network
planning establishes the framework for the planning of
county- and citywide networks. County- and citywide
transportation plans establish a framework for plan-
ning and designing the local street system and individ-
ual thoroughfares. Finally, site planning and the proj-
ect development process achieve the highest level of
detail. The network types discussed below encompass
both regional and local scales, since later discussions on
thoroughfare design are influenced by the pattern of
fine-grain networks.

Network Types

Most urban areas have a system of arterial streets,
some of which may be highways. The most efficient
systems have arterials with extended continuity, usu-
ally traversing all or much of an urban area except
where barriers exist. The most efficient urban net-
works—which provide enough parallel streets to pro-
vide route flexibility and an opportunity for special
street functions—have arterials spaced at half a mile
or less. The important features of the arterial systems
are connectivity and continuity.

W N § oy
/ , S St

Figure 3.2 Example of a traditional network.
Source: Data available from U.S. Geological Survey, EROS
Data Center, Sioux Falls, SD.

Within the arterial street framework is a finer network
of thoroughfares. These finer networks are sometimes
characterized as either “traditional” or “conventional.”

The typical conventional street network is often char-
acterized by a framework of widely spaced arterial
roads with connectivity limited by a system of large
blocks, curving streets and a branching hierarchical
pattern often terminating in cul-de-sacs (Figure 3.1).
In contrast, traditional networks (Figure 3.2) are
typically characterized by a less hierarchical pattern
of short blocks and straight streets with a high density
of intersections.

The prototypical traditional and conventional net-
works differ in three easily measurable respects: (1)
block size, (2) degree of connectivity and route choice
and (3) degree of curvature. While the last measure
does not significantly affect network performance,
differences in block size and connectivity create very
different characteristics.

Comparative Advantages

Both network design types have advantages. Advan-
tages of traditional grids include
* Dispersing traffic rather than concentrating it
onto a limited number of thoroughfares, there-
by reducing the impacts of high traffic volumes
on residential collectors;

* More direct routes, which generate fewer vehicle
miles of travel (VMT) than conventional subur-
ban networks;
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* Reducing travel delay by allowing travelers to
choose alternate routes to destinations for con-
venience, variety, or to avoid construction or
other blockages and to increase reliability of the
network;

* Facilitating circulation within an area by all
travel modes;

* Encouraging walking and biking with direct
routing and options to travel along high- or
low-volume streets and development patterns
that can offer a variety of complementary desti-
nations within close proximity;

* More transit-friendly systems, which offer users
relatively direct walking routes to transit stops;

e A smaller block structure where land use can
evolve and adapt over time, providing develop-
ment flexibility;

* A redundancy of the network, which benefits
emergency service providers, offering multiple
ways to access an emergency site;

* Regularly spaced traffic signals that can be syn-
chronized to provide a consistent speed and
more frequent pedestrian crossings; and

* Opportunities for special thoroughfare uses and
designs.

In contrast, conventional networks have some advan-
tages over traditional urban grids. Advantages of con-
ventional networks include:
» Concentration of traffic on a few routes—ben-
eficial for auto-centric business needs;

* Reduction of through traffic within neighbor-
hoods that results in lower traffic volumes on
local streets (although traffic is higher on streets
outside neighborhoods);

* Some very low-volume cul-de-sacs, which may
be desirable to many residents;

* Perception of increased neighborhood security
and more flexibility to accommodate large de-
velopments; and

* Increased adaptability to areas with severe topo-
graphic constraints or other barriers.

Both traditional grid and conventional networks have
livability impacts that may be considered a benefit

or detriment, depending on the context and one’s
perspective. The impact of traditional grids results
from the dispersion of traffic, resulting in some local
residential streets experiencing higher traffic volumes
than a similar street in a conventional network. The
impact of conventional networks is the concentra-
tion of traffic, congestion and associated impacts into
fewer residential arterials and collectors.

Urban Form and Transportation
Networks

Transportation and land use interact with each other.
Such relationships can vary by land use type, wheth-
er on a regional, community, or localized scale. This
section describes this relationship.

Metropolitan planning organizations (MPOs) mod-
el travel behavior using area types such as central
business district, fringe and rural. The U.S. Cen-
sus Bureau definitions aid in planning by defining
urban areas and dividing them into urbanized ar-
eas having more than 50,000 population and urban
clusters having less than 50,000 population. Rural
areas make up the remainder of the land area. Ur-
banized areas have structured MPO planning proce-
dures and guide the allocation of federal transporta-
tion funding. Comprehensive plans for communi-
ties also identify areas as commercial, residential, or
office use.

None of these definitions sufficiently describes
urban context at a level of detail that relates the
context to the transportation system or to thor-
oughfare design. Designers need to know the in-
tensity of urban development and the desired travel
modes that best serve its users. Context intensity
gradations—called context zones—distinguish the
urban built environment adjacent to and surround-
ing thoroughfares.

Context zones describe the physical form and char-
acter of a place. This includes the mass or intensity
of development within a neighborhood or along a
thoroughfare. Context zones are typically applied
at the neighborhood or community level, but for
the purposes of thoroughfare design, context zones
are interpreted on a block-by-block basis to re-
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spond to specific physical and activity characteris-
tics. Chapter 4 further describes context zones and
describes how they are used in designing walkable
urban thoroughfares. In planning, understanding
the context zones sets the scale for design of the re-
gional transportation network as well as individual
transportation facilities.

Planning Urban
Transportation Networks

Urban thoroughfare design should be based on a
combination of local needs and the role of the thor-
oughfare in the area or region’s transportation net-
work. The thoroughfare network should be planned
to support the needs generated by the planned land
uses (including intensity) while at the same time be-
ing compatible with the characteristics of the result-
ing neighborhoods and community—areas that may
have widely varying needs, features and activity levels.
The community may also have a variety of goals asso-
ciated with specific neighborhoods, areas, or corridors
that the thoroughfares (individual and as a network)
should support.

The thoroughfare network develops from its existing
state and expands in accordance with a community’s
comprehensive plan (or transportation plan). The
density (spacing) of the network, the capacity (lanes,
walkway, bicycle, transit), the space for furnishings
and other components of the right of way should
encourage and support the development pattern,
land use type and level of development intensity in
accordance with the plan. The total transportation
network should function as a system of thorough-
fares consisting of vehicular, pedestrian, bicycle and
transit facilities that together meet and support the
needs of the communities’ desired urban form and
growth.

Figure 3.3 shows a simplified example of a network
of thoroughfares, along with context zones. For il-
lustrative purposes, the network contains a principal
street that passes through several different context
zones, typical of many major thoroughfares. Also
shown are boulevards, avenues and streets in a high-
ly connected network that ultimately connects to
the regional highway system. Network capacity, in
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Figure 3.3 Context based development patterns are
formed around a highly connected network of walkable
thoroughfares. Source: Thomas Low (DPZ) and Digital
Media Productions.

the form of a dense system of thoroughfares (not nec-
essarily more travel lanes on individual facilities),
needs to be greatest in the high-intensity areas.

The level of capacity in these high-intensity areas will
depend on the degree of interaction among local land
uses, the amount of multimodal activity generated and
the amount of through travel using the network. As fur-
ther described in Chapter 4, the design of the individual
thoroughfare needs to respond, adjust and support the
different development and activities associated with
changes in context zone.

Network Planning Principles for
Walkable Urban Thoroughfares

The following principles describe an approach for
planning and designing urban thoroughfare networks
that are sensitive to community objectives and con-
text and will help create a more walkable environ-
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ment on appropriate facilities in the network. These
principles should be considered together to create ef-
fective networks.

Planning Multimodal Networks

* Multimodal network planning should be inte-
grated into long-range comprehensive plans that
address land use, transportation and urban form.

* Network planning should address mobility and
access needs associated with passenger travel,
goods movement, utilities placement and emer-
gency services.

* Reserving right of way for the ultimate width
of thoroughfares should be based on long-term
needs defined by objectives for both community
character and mobility.

Indices For Network Connectivity
and Accessibility

e Links and nodes (index): Roadway (or modal)
links divided by the number of nodes (inter-
sections). Ranges from 1.00 (poorest level; all
cul-de-sacs) to 2.50 (full grid). Minimum index
defining a walkable community is 1.4 to1.6.

¢ Intersection ratio: The ratio of intersections
divided by intersections and dead ends, ex-
pressed on a scale from zero to 1.0 (US EPA,
2002). An index of more than 0.75 is desirable.

e Average intersection spacing: For walkabil-
ity, a maximum distance of 660 feet; desirable
spacing is less than 400 feet.

¢ Intersection density: The number of surface
street intersections within a given area, such
as a square mile. The more intersections, the
greater the degree of connectivity.

e Blocks per square mile: For walkability this
index should be at least 100.

e Directness (index): Actual travel distance di-
vided by direct travel distance. Ideal index is
1.0. For walkability, index should be 1.5 or less.

Sources: Texas Transportation Institute, Adapted from:
Donohue, Nick, “Secondary Street Acceptance Re-
quirements,” Office of the Secretary of Transporta-
tion, Commonwealth of Virginia. Spring 2008. “Smart
Growth Index Model,” U.S. EPA 2002.

Network planning should be refined and updated to de-
fine alignments and to establish the role of thoroughfares
as more detailed planning and development occur.

Street Connectivity and Spacing

* Networks should provide a high level of connec-
tivity so that drivers, pedestrians and transit users
can choose the most direct routes and access ur-
ban properties. Connectivity should support the
desired development patterns. Networks should
provide intermodal connectivity to easily transfer
between modes.

* Intersperse arterial thoroughfares with a system of
intermediate collector thoroughfares serving local
trips connecting neighborhood and subregional
destinations.

* Expand the typical definition of collectors to
recognize their role in connecting local ori-
gins and destinations in order to distribute
trips efficiently, keep short local trips off the
arterial system and provide a choice of routes
for transit, pedestrians, drivers and bicyclists

(Figure 3.4).

* Build network capacity and redundancy through
a dense, connected network rather than through
an emphasis on high levels of vehicle capacity
on individual arterial facilities. This approach
(more thoroughfares rather than wider thor-
oughfares) ensures that the network and thor-
oughfare facilities can support other objectives
such as pedestrian activity, multimodal safety
and support for adjacent development.

* Highly connected networks may reduce or elimi-
nate the need for additional capacity that results
from poorly connected thoroughfares by providing
highly connected networks.

* Minimize property access directly onto arteri-
als through design of a connected network of
closely spaced arterial and collector thorough-
fares and local street connections. With fewer
driveway-type interruptions, arterial thorough-
fares can perform more efficiently for both ve-
hicles and for pedestrians. Thus, network con-
nectivity can provide a foundation for access
management strategies to increase corridor ca-
pacity and accessibility.
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(B) Traditional urban connected network.

Figure 3.4 The collector in a typical hierarchical

network (A) channels traffic from local streets to the
arterial street system. A system of parallel connectors (B)
provides multiple and direct routes between origins and
destinations. Source: Kimley-Horn and Associates, Inc. and
Digital Media Productions.

Performance Measures

Performance measures should be selected to describe
how well the system will perform in accordance with
network objectives. Such measures are often used to
compare network plan alternatives or measure perfor-
mance of a network according to specific objectives. The
following may aid in selecting appropriate measures:

* Select transportation performance measures
that reflect stakeholder objectives and priori-
ties for the system or facility being planned or
designed. Some of these may not be strictly
transportation measures but include econom-
ic development and other types of measures.

* Use performance measures that recognize all
modes.

* Performance goals can vary for different parts
of the network as long as direct comparisons
are made to the same measures.

¢ Performance measures could include conven-
tional measures of vehicle congestion, capac-
ity and density, considered at a networkwide
or corridorwide level.

* To reflect walkability and compact development,
consider measures such as a connectivity index,
intersection density measures and pedestrian envi-
ronment measures.

* Selected performance measures should include
measures of safety for all users.

NCHRP Report 446, A Guide to Performance-Based
Transportation Planning, provides more information
on performance measurement.

Network Design Guidelines

This section provides specific considerations and
guidelines for network design. The guidelines pro-
vided in this section are applicable for:

1. Greenfield development—establishing, augment-
ing, or reconfiguring a system of thoroughfares to
serve an undeveloped or newly developing area or
long-range plans for future development.

2. Reuse and redevelopment—Ilarge projects in
mature urban areas that permit reconfiguration
or changes in the function of adjacent or near-
by thoroughfares. In these situations, changes
might include the following:

* Surrounding land uses;

* Thoroughfare alignment or the addition of
new routes or connections;

* Emphasis in mode or usage (such as exclu-
sive busways, wider sidewalks to serve adja-
cent economic activities and addition of bike
lanes) or accommodating freight movement;

¢ Functional classifications; and

* Modal split allowing reallocation of (net-
work) right of way among modes.
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Ten Thoroughfare Network
Planning Principles

Major thoroughfare networks should

1.

Connect and provide access to and between
communities, centers of activity and neighbor-
hoods of all types, as well as recreational and
cultural facilities;

Form a gridlike pattern of continuous thor-
oughfares except as precluded by topographic
barriers;

Conform with and follow natural topographic
features and avoid adverse impacts to natural
resource areas,

Meet spacing and connectivity criteria similar
to those presented in this chapter;

Be designed to efficiently accommodate emer-
gency vehicles, providing multiple routes to
reach any block;

Have thoroughfares interconnected with speci-
fied distances between intersections to provide
choices of routes to reduce travel distances; to
promote use of transit, bicycles and walking;
and to efficiently accommodate utility needs;

Provide signalized crossings to encourage use
of walking, bicycles and transit;

Be comprehensible to the average traveler;

Communicate the intended functions of in-
dividual thoroughfares through both design
characteristics and appearance; and

10. Develop operating plans to serve all modes and

3.

all users, with uses varying on some thorough-
fares according to context, needs, objectives
and priorities while considering overall net-
work needs.

Facility reconstruction—reconstruction of ma-
jor sections of one or more thoroughfares pro-
vides an opportunity to make network changes
more compatible with existing context/land
uses, such as converting from a two-way thor-
oughfare to a one-way couplet (or vice versa), re-
aligning a thoroughfare to improve accessibility
to surrounding properties and reallocating right

of way to better balance design elements among
various modes of travel.

General Network Guidelines

* The system of multimodal thoroughfares may be

organized by the context zones, functional clas-
sifications and thoroughfare types as described in

Chapter 4.
The thoroughfare network should be designed

to serve transit, pedestrians and bicycles as well
as private and commercial vehicles.

Transit networks should focus on and take ad-
vantage of built or planned transit-oriented and
transit-adjacent developments.

Planning for right of way should consider needs
based on multimodal network performance mea-
sures that allow capacity and level of service to be
considered in conjunction with other measures,
both quantitative and qualitative. The CSS pro-
cess should be open to the selection of decision
criteria that balance community character and
capacity enhancement or congestion relief.

Street Spacing Guidelines for Walkable Areas

* 'The basic form of the thoroughfare system is

shaped by the spacing and alignment of arterial
thoroughfares. The system of arterials should be
continuous and networked in a general rectilinear
form. In urban areas, arterial spacing may need to
be one-half mile or less. In denser urban centers
and core areas, arterials may need to be spaced at
one-quarter mile or less.

In more conventional suburban areas that are in-
tended to remain so, arterial spacing of up to one
mile may suffice if facilities of up to six lanes are ac-
ceptable to the community. The arterial thorough-
fares should be supplemented by thoroughfares
spaced at most one-half-mile apart. Such areas
typically are interspersed with areas of mixed-use
and walkable activity, such as commercial districts
and activity centers. These centers require more
frequent and connected networks of local streets.

Closer spacing of thoroughfares (one-quarter mile
for collectors) may be needed depending on pe-
destrian activity levels, desired block patterns and
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continuity. Natural features, preserved lands, or
active agriculture may break up the pattern.

* Sketch planning demand estimation or trav-
el forecasting models should be among the
tools used to estimate the spacing and capac-
ity needs for urban thoroughfares within the
minimum spacing described above. However,
for walkable areas, walkability criteria may re-
quire closer spacing.

* The network should include a system of bi-
cycle facilities with parallel routes, with direct
connections to major trip generators such as
schools, retail districts and parks. Bicycle fa-
cilities may include on-street bike lanes, sepa-
rated paths, or shared lanes on trafhic-calmed
streets with low motor vehicle volumes.

Local streets should be configured in a fine-grained,
multimodal network internal to the neighborhood,
with many connections to the system of thorough-
fares. Where streets cannot be fully networked,
they should be supplemented by pedestrian and/
or bike-pedestrian facilities to provide the desired
connectivity.

Pedestrian facilities should be spaced so block
lengths in less dense areas (suburban or general
urban) do not exceed 600 feet (preferably 200 to
400 feet) and relatively direct routes are available.
In the densest urban areas (urban centers and ur-
ban cores), block length should not exceed 400 feet
(preferably 200 to 300 feet) to support higher den-
sities and pedestrian activity.

Urban Corridor Thoroughfare
Planning for Walkable
Urban Areas

Corridors are transportation pathways that provide
for the movement of people and goods between and
within activity centers. A corridor encompasses a
single transportation route or multiple transpor-
tation routes or facilities (such as thoroughfares,
public transit, railroads, highways, bikeways and so
forth), the adjacent land uses and the connecting
network of streets (Figure 3.5).

Corridor planning is one of the incremental steps
for network planning in the long-range transpor-
tation plan to thoroughfare design in the project
development stage (see Figure 3.5). The purpose
of corridor planning is to comprehensively address
future transportation needs and recommend a se-
ries of physical improvements and operational and
management strategies within a corridor. Corridor
planning fills the gap between long-range transpor-
tation planning and project development. It identi-
fies and provides a link between corridor land-use
planning and corridor transportation planning and
provides an opportunity to direct future develop-
ment within the corridor. An important benefit
of corridor planning is that it addresses issues pri-
or to reaching the project development stage for
transportation improvements within the corridor.
Finally, it promotes interagency cooperation and
broad stakeholder and public involvement. Corri-
dor plans should address the following: (ID DOT
1998)

_~ R
Figure 3.5 Corridors include multiple transportation

facilities, adjacent land uses and connecting streets.
Source: Kimley-Horn and Associates, Inc.
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* Long-range vision for the corridor;

* Existing conditions of the transportation sys-
tem and analysis with regard to the perfor-
mance objectives;

* Existing and future environmental, land-use
and socioeconomic conditions in the corridor
area, including a community profile, current
and planned land uses, historical and cultural
buildings and sites, and key environmental re-
sources and environmental issues;

* Public and stakeholder involvement strategy;

* Purpose, need and the relative importance of
corridor needs through project goals and com-
munity objectives;

* Expected future multimodal travel demand
and performance of existing and programmed
transportation improvements;

* Identification of feasible alternatives by evalu-
ating all options and comparing costs, impacts,
trade-offs and the degree to which the alterna-
tive meets established goals;

* Available and expected funding for transporta-
tion improvements in the corridor; and

* Long- and short-range recommendations.

The corridor planning process generally mirrors the
transportation planning process in its fundamental
steps of a needs study, alternatives development,
alternatives evaluation and selection of a preferred
alternative, which leads to either the developing a
detailed plan or implementing the project develop-
ment process (preliminary design).

Integrating CSS into urban corridor thorough-
fare planning requires stakeholders to consider the
economic, social and environmental consequences
of alternatives. It defines the short- and long-term
needs of the corridor, develops goals and objectives
that will achieve the vision of the corridor and evalu-
ates feasible multimodal alternatives.

The outcome of CSS in urban corridor thoroughfare
planning goes beyond just street improvements. Cor-
ridor planning integrally addresses transportation im-
provement, land development and redevelopment, eco-
nomic development, scenic and historic preservation,

community character and environmental enhancement.
Because urban corridor thoroughfare planning affects
a broad spectrum of the community, public and stake-
holder involvement is a central element of the process.
The basic steps in the planning process include:

e Corridor vision;

* Project needs;
* Alternatives development;
e Alternatives evaluation; and

* Selection of preferred alternative.

In some cases, urban corridor thoroughfare planning
may be integral with environmental studies leading to
a National Environmental Policy Act document (www.
epa.gov/compliance/nepa) or other environmental im-
pact assessment. Figure 3.6 illustrates the steps in the
corridor planning process and identifies the type of in-
put needed at various stages in the process.

The basic steps in the process, and how CSS prin-
ciples can be integrated, are described below:

* Corridor Vision: Similar to any application of
CSS principles, the process begins with a vi-
sion for the corridor. A vision is a corridorwide
expression of how the corridor will be viewed
in the future. Goals for the corridor expand
on the vision by identifying the achievements
that will result from implementing the corri-
dor’s plan. Developing objectives and a vision
for a corridor can occur as part of a long-range
transportation plan or as part of the corridor
planning process. Public and stakeholder input
and involvement are critical inputs when de-
veloping a vision, because the vision needs to
reflect the goals and objectives of the commu-
nity and address more than the transportation
function of the corridor. The corridor vision
feeds directly into the project needs step.

* Needs: As with developing a vision, the needs
for the project may be developed in a long-range
transportation plan if there is one or may be de-
veloped as part of the corridor planning process.
The project needs include a problem statement
that reflects the needs of all users and also reflect
the corridor’s existing (and future) context and
characteristics. Stakeholder input is necessary to
identify values, issues, priorities, goals and objec-
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tives. Much of this same input will help form cri-
teria for assessing alternatives in the next phase.

* Alternatives Development: The corridor plan-
ning process includes a participatory public pro-
cess to define and develop alternatives. The alter-
natives need to address the problem statement
identified in the project needs step and also reflect
the community vision and objectives. Stakehold-
er input is necessary to identify values, issues, pri-
orities and criteria for assessing alternatives. The
CSS outcome of this step is an inclusive problem
statement, a short- and long-range vision for the
corridor and goals and objectives that will direct
the development of alternatives.

Corridor Vision and Needs

CSS Approach
e  Public and stakeholder input
e  Corridor and context characteristics

¢ |dentify values and issues

CSS Outcome
¢ Inclusive problem statement
e Corridor vision

e  Goals and objectives

Figure 3.6 The corridor planning process. Source: Kimley-Horn and Associates, Inc.

With a CSS approach, the needs may be stated
in terms of context, economic, or other com-
munity aspects, as well as mobility needs. The
CSS outcome of this step is to provide stake-
holders and decision makers (bodies that ap-
prove the funding and implementation of proj-
ects) with a wide range of choices derived from
a collaborative and participatory process. The
alternatives should be competitive in that they
address as many of the goals and objectives as
possible. Solutions should be innovative and
flexible in the application of design guidance.
The solutions should include ways to enhance
and meet the needs of the context, activities
generated by adjacent and nearby land uses and
objectives that are part of the community vi-
sion for the corridor.

Alternatives Development

CSS Approach
e Interactive and participatory process

e Alternatives address problem
statement and reflect objectives

CSS Outcome

* Broad range of solutions derived from
collaboration

e Innovation and flexibility
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To the extent not already included in the com-
munity vision, consideration should also be
given to potential environmental consequences
when developing the corridor alternatives. Al-
ternatives may include different alignments and
parallel routes, cross-sections, modal combina-
tions, streetside treatments, interaction with
adjacent development, streetscape approaches,
business and community activity and support
infrastructure. The important thing to remem-
ber is that the alternatives in CSS are developed
to meet the full range of a specific community
or neighborhood’s objectives.

Alternatives Evaluation: The goal of the alter-
natives evaluation is to provide an objective and
balanced assessment of impacts, trade-offs and
benefits of each alternative (Figure 3.7). This
requires careful selection of, and stakeholder
agreement on, evaluation criteria. The criteria
need to reflect not just transportation objec-
tives but the community and environmental
objectives as well. Examples of evaluation cri-
teria categories and related measures include:

Alternatives Evaluation

CSS Approach

e  Public and stakeholder input

e  Evaluation criteria that reflects community,
environmental and transportation objectives
and concerns

CSS QOutcome

e C(Clear assessment of trade-offs

e  Participatory process

Mobility for All Users: travel demand, road-
way capacity, level of service, travel time, con-
nectivity, circulation, access, truck movement,
access to multiple travel modes and so forth.

Social and Economic Effects: socioeconomic
and cultural environment (historic, cultural
and archaeological resources; environmental

justice; residential and business displacement/
dislocation; socioeconomics and equity; neigh-
borhood integrity and cohesion; economic
development; place making qualities; and so

forth).

Environmental Effects: positive and nega-
tive effects of natural environment (air quality,
noise, energy consumption, water quality and
quantity, vegetation, wildlife, soils, open space,
park lands, ecologically significant areas, drain-
age/flooding aesthetics and visual quality); and
land use (residential patterns, compatible uses,
development suitability according to commu-
nity values and so forth.).

Cost-Effectiveness and Affordability: capi-
tal costs, operations and maintenance costs,
achievement of benefits commensurate with
resource commitment, sufficiency of revenues
and so forth.

ALTERNATIVE A

LI J g I I

|
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ALTERNATIVE B

Figure 3.7 Corridor planning involves the consideration
of trade-offs between alternatives. In this example of a
corridor study, different alignments and reconfiguration

of streets are evaluated and compared. Source: City of
Seattle, CHM2Hill, South Lake Union Transportation Study,
Mercer Corridor Project.
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Other Factors: compatibility with local and
regional plans and policies, constructability,
construction effects and so forth.

The alternatives evaluation step includes a
comprehensive evaluation of applicable is-
sues and options using selected criteria such
as those described above (such as modal ca-
pacity; alignment; design concept; costs; right
of way; environmental, social and economic
impacts; operations; safety; and so forth).
Alternatives can be a combination of capital
improvements and management and opera-
tions strategies. The outcome of this step is
the clear communication of trade-offs to the
public, stakeholders and decision makers, de-
veloped and discussed in a transparent and
participatory process.

* Selection of Preferred Alternative: The selec-
tion of a preferred alternative is, ideally, a con-
sensus-based process. Consensus building in
this step engenders community ownership in
the selected alternative and helps achieve a com-
mitment toward implementation of the plan or
project. The CSS process uses an array of tools
for selecting, refining and building consensus on
alternatives. A successful selection of a preferred
alternative is one that is compatible with the
context(s), reflects the needs of all users and best
achieves the objectives and vision established for
the corridor.

The selection of a preferred alternative leads to ei-
ther the development of a detailed corridor plan,
such as a thoroughfare plan, access management
plan, scenic preservation plan, streetscape plan, or
economic vitalization plan. It can also lead to the
preliminary design of an individual thoroughfare,
network of thoroughfares, or multimodal transpor-
tation corridor with parallel thoroughfares, rail,
transit, highway and bikeway systems.

Selection of Preferred Alternatives

CSS Approach

e Participatory process, using workshops or
charettes to refine concepts

e Consensus building

CSS Outcome
e Alternative fits within the context
e Composite solution for all modes and users

e  Preferred alternative that balances across ob-
jectives and evaluation criteria

Corridor planning varies in level of effort ranging
from large-scale planning efforts for corridors in
newly developing areas to small-scale planning of
segments of individual thoroughfares within con-
strained rights of way. The outcome of corridor
planning ranges from broad policies to statewide
and regional long-range transportation plans to
multimodal systems plans, as well as to local thor-
oughfare plans and individual segment concepts and
designs (Figure 3.8). CSS plays a role in any type
of corridor planning. The remainder of this report
focuses on the detailed design of thoroughfares.

CSS Example in Corridor
Planning—Developing
Evaluation Criteria

SR 179 Corridor Plan
The Arizona Department of Transportation (ADOT)

worked with the community of the greater Sedona
area in the Coconino National Forest to design and
construct improvements to the 9-mile stretch of SR
179. This road carries millions of tourists each year
through one of the most pristine and unique areas
of the world. The road is also the only route con-
necting the business and residential communities of
the greater Sedona area. While there have been im-
provements to SR 179, continuing traffic buildup
will continue to exacerbate the capacity and safety
issues of the road during the next 20 years.
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Figure 3.8 Corridor planning results range from broad policies to detailed concepts for corridor segments. Source:
Contra Costa County Dept. of Public Works and Whitlock & Weinberger Transportation, Inc.

This example addresses the selection of evaluation
criteria for rural scenic segments and urban seg-
ments of the corridor. It is an example of a process
that integrates CSS principles to work with stake-
holders to evaluate corridor alternatives. The evalu-
ation process could be used to evaluate projects in
any context.

The goal of the project was to develop a transporta-
tion corridor that addressed safety, mobility and the
preservation of scenic, aesthetic, historic, environ-
mental and other community values and to reach
consensus on the planning, design and construction

of SR 179.

The SR 179 project is a good example of a CSS
corridor plan involving the public. The collabora-
tive community-based process used an innovative
process called the needs-based implementation plan
(Figure 3.9). This process depended on the com-

ite= [

munity to actively participate and provide input
throughout the process.

Developing Evaluation Criteria

A unique aspect of the SR 179 Corridor project was
the process used to develop and select the preferred
planning concepts, particularly the evaluation cri-
teria. The screening process is illustrated in Figure
3.10. The development of evaluation criteria began
with working with the community to identify its
core values for the corridor. The core values are also
components of the vision for the corridor. Core val-
ues include in priority order:

* Scenic beauty—preservation of scenic features

and viewpoints;

* Public safety—preventing crashes and provid-
ing efficient emergency services;

* Environmental preservation—maintaining the
natural and physical environment;
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Core Values

- Scenic Beauty

= Public Safety

- Environmental Preservation
« Multi-Modal Corridor

« Character

= Walkability

= Multi-Purpose

= Context Sensitivity

« Regional Coordination

» Economic Sustainability
- Roadway Footprint

» Mobility

SR 179 Project

Vision

Draft
Evaluation
Criteria

Examples:

= Provide safe bicycle crossing
and circulation

« Minimize the potential for
crashes

Toolbox

Examples:

« Signalized intersection
« Exclusive turn lane

« Raised median

» Roundabout

Charrette #2

Public
Discussion of
Evaluation

Criteria
(Jan 14)

Prioritize
Evaluation
@EE
(Jan 15)

Apply Toolbox
to Formulate
Planning
Concepts
(Jan 20)

Figure 3.9 The needs-based implementation plan included a community-based process to develop criteria to evaluate
corridor alternatives. Source: Arizona Department of Transportation, DMJM+Harris.

Multimodal—provisions for modes of travel
that include bicycles and transit;

Character—the unique look and feel of the
corridor;

Walkability—ability of pedestrians to circulate
in the corridor and reach points within the cor-
ridor;

Multipurpose—a corridor that serves many
needs including commuting, shopping, tourism
and social trips;

Regional coordination—a process involving
stakeholders throughout the region;

Economic sustainability—contribution to the
economic vitality of the area;

Roadway footprint—the width and cross-section
of the corridor; and

Mobility—ability to provide efficient and reliable

transportation services.

Using the core values as a base, the project team
* Context sensitivity—compatibility with the  worked with the community to develop, prioritize
unique context of the SR 179 corridor; and build consensus on criteria for evaluating cor-
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DESIGN

Transit
Elements

Roadway
Elements

Roadway
Elements

Evaluation
Criteria
And
Performance

Measures

Bicycle
Elements

Universe of Planning Concepts

Fatal Flaw Analysis

Initial Planning
Concepts Screening

Second Level

Planning Concepts
Screening

@— Preferred Planning Concepts

TOOLBOX

Pedestrian
Elements

Supportive
Facilities

12-16 Planning Concepts

6 +/- Planning Concepts

3 +/- Planning Concepts

Figure 3.10 The screening process started with a wide range of alternatives and used public participation and
evaluation criteria to narrow alternatives to a preferred planning concept. Source: Arizona Department of Transportation,

DMJM+Harris.

ridor alternatives. The evaluation criteria and per-
formance measures were used in a screening process
to narrow the alternatives to a preferred planning
concept for each segment of the corridor. Figure
3.11 presents a sample of the evaluation criteria
and associated performance measures.

An Important Note About
Implementation

The benefits of a highly connected, multimodal net-
work developed through a CSS process will not be

fully realized unless the complete network is imple-
mented. Complete implementation requires state,
county and municipal transportation agencies to pre-
serve and protect right of way, then fund and con-
struct (or have developers construct) the major and
local thoroughfare system.

To gain network benefits early and avoid interim over-
sizing of roads, it is important that as development
starts, the network should also be constructed in usable
segments. For example, when a parcel at the intersec-
tion of two county roads is developed, the local street
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Evaluation Criterion

Performance Measures

Retain and enhance the natural ap-

Number of sensitively placed scenic pullouts

pearance of the landscape and the
ability to enjoy scenic views from the

Number of new scenic vistas available

corridor.

Appropriate scenic viewing opportunity potential

Provide a distinctive corridor iden-

Opportunity for artistic and landscape amenities

tity and unique experience for the
user.

Opportunity to preserve and interpret architectural and cultural themes of the Sedona/Red Rock area

Opportunity for design creativity to contribute to the corridor identity

Provide safe and attractive wayfind-

Total number of sites for wayfinding information

ing aids (signage and informational
features) for tourists and others

Opportunities for context sensitive wayfinding signage visible from the roadway and pathways

who may be relatively unfamiliar

with the corridor. facilities

Opportunities to provide access to new Forest Service Ranger District Office and other connecting

Provide safe vehicular and emer-

Number of new safe crossings (signals or roundabouts)

gency access to, from and across
the corridor.

Number of locations on the mainline with left-turn storage lane or roundabout

Number of acceleration and deceleration lanes

Number of “right-in, right-out” ingress/egress locations

Number of mainline entry locations

Provide safe pedestrian crossings

Number of new safe pedestrian crossings

and circulation.

Opportunities for pedestrian amenities and enhancements at intersections

Square feet of pathways/sidewalks

Number of trailheads directly accessible on foot from the corridor

Number of key destinations in the corridor accessible via a connected pedestrian system

Figure 3.11 Example evaluation criteria and performance measures used in the SR 179 Corridor Plan.

Source: Arizona Department of Transportation, DMJM+Harris.

network planned within the development by the MPO,
county, or municipality should also be constructed.

Furthermore, at least one street should be constructed
and connected through or around the initial develop-
ment to ensure alternative routes are available in case
of emergency, congestion, or temporary blockage.

If this approach continues as development progresses,
this implementation approach will ensure that the
network will evolve to completion.
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Purpose

This chapter describes a set of tools for use by practitio-
ners planning and designing walkable urban thorough-
fares. It describes a design framework to identify and
classify context and thoroughfares and describes how
the controls of context and thoroughfare type are used
in the design process to establish design parameters.

The functional classification system classifies context
as either rural or urban. In this report, the definition
and description of the conventional urban context is
expanded to provide more detailed descriptions of ad-
jacent surroundings and to provide a way to use con-
text as a criterion in the selection of thoroughfare type
and design criteria. Context zones are used to clas-
sify urban contexts into discrete types, ranging from
lower to higher density and intensity of development.

The approach described in this chapter introduces thor-
oughfare types as a complement to functional classifica-
tion to provide a broader range of thoroughfare design
choices. The use of thoroughfare types restores the former
practice of distinguishing streets by their design charac-
teristics in addition to their functional classification.

Objectives

This chapter:
1. Defines context as used in urban thoroughfare
design and explains the features of urban areas
that create and shape context;

2. Introduces the concept of “context zones” and
provides guidance to help practitioners use this
tool;

3. Describes the features that create context in-
cluding land use, site design and urban form,
and building design;

4. Describes the different types of thoroughfares and
their relationship to functional classifications; and

5. Describes features of thoroughfare types and
context zones that result in compatibility.

Introduction

The design of viable, well-functioning urban thor-
oughfares depends on a clear understanding of the
application of CSS principles in designing thorough-
fares in the urban environment. Once urban context
is understood, the function of each thoroughfare
can be established and the design parameters can be
selected to achieve a balance between land use and
transportation design. This linkage demands special
tools. While it is possible to “feel” the character of
an urban area, it can be hard to define and describe
the specific features that collectively give shape and
character to a particular urban setting, whether it is a
small town, activity center, main street, or high-den-
sity regional downtown.

Not only does context influence the design of thor-
oughfares, but the design of the thoroughfare itself
helps to define and shape the context as much as ad-
jacent land uses and buildings define and shape con-
text. For these reasons, this document recommends
a clear focus on context first, followed by detailed
transportation planning to support the context in a
balanced way.

Conventional thoroughfare design processes empha-
size vehicular mobility and the provision of automo-
bile access to adjoining land uses, primarily using
functional classification, traffic volume and design
speed as the determinants for design parameters. The
principles of CSS expand the design process to bet-
ter integrate thoroughfares with their surroundings.
The result in many communities is a new emphasis
on urban thoroughfares with features that emphasize
multimodal safety and mobility as well as support for
the activities of the adjacent land uses. Walkability, a
key focus of this document, is better planned with an
initial, clear focus on context.

A main tenet of walkable thoroughfare design is en-
capsulated in the phrase “one size does not fit all,”
which means the function of a thoroughfare and its
design should complement the context that it serves,
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and the design of the thoroughfare should change as
the existing and planned context changes. This tenet
challenges the conventional design process used by
many state and municipal agencies, which applies a
single roadway cross-section, based on functional
classification, to a thoroughfare—regardless of the
context. In this report, it is context and the change in
context that determines the need to transition from
one thoroughfare type to another and also determines
the corresponding change in design parameters.

Thoroughfare planning and engineering requires
evaluating capacity, connectivity and safety consider-
ations in combination with meeting local objectives
for urban character. The selection of appropriate de-
sign controls and performance measures, discussed
further in Chapter 7, is a key step in developing suit-
able design solutions. The design scenarios presented
in Chapter 6 provide illustrations of how context
sensitive objectives can be evaluated under alternative
designs and integrated into a preferred alternative.

Features that Create Context

Often, transportation planning and design considers
context only in terms of land use (traffic generation)
and two elements of site design—parking and ac-
cess (driveways). The CSS design process for walk-
able urban thoroughfares expands this understanding
of context to include the aspects of building and site
design that create support for pedestrian and transit
activity and that relate to the design of thoroughfares
to result in integrated walkable environments.

Land Use

Land use is a common criterion for characterizing
urban development and estimating vehicle trip gen-
eration, particularly in single-use, vehicle-dominated
locations. The design framework in this report identi-
fies land use as an important contributor to context
and a major factor in the selection of design criteria
(particularly as these relate to levels of pedestrian ac-
tivity), assembly of the cross-section components and
allocation of the width of the right of way.

In addition to having a fundamental impact on au-
tomobile travel demand, variations in adjacent land
use affect the width and design of the streetside, the

part of the thoroughfare between the curb and edge
of right of way including sidewalks. As detailed in
Chapter 8, residential uses typically have less need for
sidewalk space than similarly scaled mixed-use blocks
with ground floor commercial retail uses, where space
for window shopping, outdoor dining, newspaper
racks and other street appurtenances add to the side-
walk width. Areas that disperse land uses into single-
use areas and that rely on hierarchical circulation net-
works generally result in longer trips, less walking and
bicycling and more dependence on motor vehicles.
Commercial uses generate higher volumes of pedes-
trian travel and business activities that use the street-
side compared to similarly scaled residential uses.
With respect to the traveled way, the part of the thor-
oughfare between curbs, variations between residen-
tial and commercial areas include parking- and travel-
lane width. Commercial areas typically have a higher
volume of large vehicles such as delivery trucks and
buses and have a higher turnover of on-street parking
than residential areas. Thus, a predominantly com-
mercial thoroughfare often requires a wider traveled
way when compared to a predominantly residential
thoroughfare in the same context zone. Commercial
areas usually generate more traffic than residential ar-
eas, which affects decisions related to the number of
lanes, access control and intersection design.

Site Design and Urban Form

The ways in which buildings, circulation, parking
and landscape are arranged on a site has an effect on
where a thoroughfare and its context fall in the con-
tinuum of walkability (see sidebar on the Continuum
of Walkability in Chapter 1). The specific elements of
site design that contribute to defining urban context
include:

* Building orientation and setback: In places
that have less priority for walking, buildings
typically will be less related to the street either
by large setbacks into private property or ori-
ented toward a parking lot rather than the street.
By contrast, a context with traditional urban
character will have buildings oriented toward
and often adjacent to the thoroughfare and
therefore a higher priority for pedestrian travel.
The directness of the pedestrian connection to
the building entry from the thoroughfare—and
whether the building itself is integrated into the
thoroughfare’s streetside with stoops, arcades,
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cafes, and so forth—distinguishes a context with
traditional urban character. In these locations,
buildings may form a continuous built edge or
street wall (a row of buildings that have no side
yards and consistent setback at the thoroughfare
edge).

* DParking type and orientation: Parking provid-
ed in surface lots between buildings and streets
defines a vehicle-dominated context with a low-
er priority for walking. On-street parking, and
parking under or behind buildings and accessed
by alleys is an urban characteristic. Thorough-
fares in these areas should have a higher priority

for walking.

* Block length: Development patterns with tra-
ditional urban characteristics usually have short
block lengths with a system of highly connected
thoroughfares, local streets and alleys. Vehicle-
dominated contexts have larger blocks, less
complete street connectivity and usually no al-
leys; this pattern makes walking distances longer
and, therefore, it is likely that fewer people will
walk between destinations. Generally, the desir-
able block length is 200 to 400 feet and should
not exceed 600 feet. See Chapter 3 for more on

block spacing.

Building Design

The design of buildings is a significant contributor
to context and the priority that the context gives to
walking. Building height, density and floor-area ratio,
architectural elements, mass and scale, relationship to
adjacent buildings and thoroughfares, orientation of
the entry, and the design and type of ground floor
land uses can help shape context and create an envi-
ronment that is more or less walkable.

Development in contexts that give a lower priority
to walking generally are more internally oriented as
evidenced by how the buildings sit on their sites (as
discussed above) and how the ground floor uses lack
supportive relationships with adjacent streetsides and
sidewalks. The lack of walkability in these contexts is
not correlated with building intensity but with fea-
tures of building and site design.

Buildings in locations with a traditional urban charac-
ter that contributes to a walkable community are typ-
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Figure 4.1 Pedestrian-scaled architectural elements.
Source: Community, Design + Architecture.

ically oriented toward the street. Ground floor uses in
urban buildings are usually oriented to the pedestrian
passing on the adjacent sidewalk (for example, retail,
restaurant, services) and incorporate architectural ele-
ments that are interesting, attractive and scaled to the
pedestrian (Figure 4.1). Some aspects of how build-
ing design helps define urban context include:

* Building height and thoroughfare enclosure:
Buildings are the primary feature of urban con-
texts that create a sense of definition and enclo-
sure on a thoroughfare—an important urban de-
sign element that helps create the experience of
being in a city and in a place that is comfortable
for pedestrians. The threshold when pedestrians
first perceive enclosure is a 1:4 ratio of building
height to thoroughfare width—typical of low-
density environments. In denser urban contexts,
height-to-width ratios between 1:3 and 1:2 cre-
ate an appropriate enclosure on a thoroughfare
(Figure 4.2). Highly walkable thoroughfares do
not require tall buildings. Street trees may be
used to provide a similar sense of definition and
enclosure in contexts with lower height and less

dense buildings.
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Figure 4.2 lllustration of height to width ratios that create a scale on thoroughfares that is comfortable
to people and encourages walking (human scale). Human scale ratios fall between 1:3 and 1:2 as measured
from the building fronts. Source: Community, Design + Architecture.

* Building width: Building width, like building
height, contributes to the sense of enclosure of
the thoroughfare. There are three elements of
width: (1) the percentage of a building’s width
fronting the street, which should range from
about 70 percent in suburban environments to
nearly 100 percent in urban environments; (2)
the distance between buildings or building sepa-
ration, which should range from 0 to 30 feet;
and (3) the articulation of buildings (an archi-
tectural term that refers to dividing building
facades into distinct parts to reduce the appear-
ance of the building’s mass adjacent to the side-
walk, identify building entrances and minimize
uninviting blank walls) resulting in a scale of
building that is comfortable to a person walking

46

adjacent to it and adding architectural diversity

and interest (Figure 4.3).
Building scale and variety: This helps define

the context and character of a thoroughfare and
encourages walking by providing visual inter-
est to the thoroughfare. The scale and variety of
buildings should help define the scale of the pe-
destrian environment. Vehicle-oriented building
scale maximizes physical and visual accessibility
by drivers and auto passengers, contributing to
contexts that discourage walking.

Building entries: Building entries are impor-
tant in making buildings accessible and inter-
esting for pedestrians. To maintain or create
traditional urban character, buildings should
have frequent entries directly from adjacent

Designing Walkable Urban Thoroughfares: A Context Sensitive Approach



thoroughfares to improve connectivity and
to break down the scale of the building. Fre-
quent entries from parking lots and second-
ary thoroughfares should be provided as well.

More information on how building design promotes
context sensitivity and sustainability can be found in
Promoting Sustainable Transportation through Site De-
sign, an ITE recommended practice and in the Smarz-
Code (see References for Further Reading at the end of
this chapter). All elements of building design provide
strong cues for the selection of a thoroughfare design.

Context Zones

Context zones describe the physical form and charac-
ter of a place. This includes the mass or intensity of
development within a neighborhood or along a thor-
oughfare. Context zones are applied at the commu-
nity unit level, but for the purposes of thoroughfare
design must be interpreted on a block-by-block basis
to respond to specific physical and activity charac-
teristics. Figure 4.4 contains the descriptions of the
six context zones. Zones C-3 through C-6 are urban
zones that relate to urban thoroughfare design.

Figure 4.3 The frequency of articulation of a building
facade contributes to a scale that is comfortable to
pedestrians. Source: Community, Design + Architecture.
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Figure 4.4 Illustration of a gradient of development patterns ranging from rural in Context Zone 1 (C-1), to the most
urban in C-6. Source: Duany Plater-Zyberk and Company.
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Selecting a Context Zone in
Thoroughfare Design

The design process presented in this report uses con-
text zones as a primary consideration in selecting the
design parameters of urban thoroughfares. This is a
refinement to the “rural” and “urban” classifications
that are critical in selecting design criteria in A Policy
on the Geometric Design of Highways and Streets (AAS-
HTO 2004). Context zones are an important deter-
minant of basic design criteria in traditional urban
thoroughfares. This chapter helps the practitioner
identify and select context zones as one of the first
steps in the design process.

As Table 4.1 shows, context is defined by multiple
parameters, including land use, density and design
features. Table 4.1 presents the full range of con-
text zones, but this report focuses on urban contexts
(C-3 through C-6). The “distinguishing characteris-
tics” column in the table, for example, describes the
overall relationship between buildings and landscape
that contributes to context. In addition to the dis-
tinguishing characteristics and general character, four
attributes assist the practitioner in identifying a con-
text zone: (1) building placement—how buildings are
oriented and set back in relation to the thoroughfare;
(2) frontage type—what part of the site or building
fronts onto the thoroughfare; (3) typical building
height; and (4) type of public open space.

Guidelines for identifying and selecting a context
zone include the following:
1. Consider both the existing conditions and the
plans for the future, recognizing that thorough-
fares often last longer than adjacent buildings.

2. Assess area plans and review general, compre-
hensive and specific plans, zoning codes and
community goals and objectives. These often
provide detailed guidance on the vision for the
area.

3. Compare the area’s predominant land use pat-
terns, building types and land uses to the char-
acteristics presented in Table 4.1.

4. Pay particular attention to residential densities
and building type, commercial floor-area ratios

and building heights.

5. Consider dividing the area into two or more
context zones if an area or corridor has a diver-
sity of characteristics that could fall under mul-
tiple context zones.

6. Identify current levels of pedestrian and transit
activity or estimate future levels based on the
type, mix and proximity of land uses. This is a
strong indicator of urban context.

7. Consider the area’s existing and future character-
istics beyond the thoroughfare design, possibly
extending consideration to include entire neigh-
borhoods or districts.

Thoroughfare Types

The design process in this report refers to both func-
tional classification and thoroughfare type to classify
streets.

The purpose of each classification as used in CSS ap-
plications for areas with traditional urban characteris-
tics is described below.

* Functional classification—defines a thorough-
fare’s function and role in the network, in addi-
tion to governing the selection of certain design
controls. The practitioner may use functional
class to determine:

* Continuity of the thoroughfare through a re-
gion and the types of places it connects (such
as major activity centers);

* Purpose and lengths of trips accommodated
by the thoroughfare;

e Level of land access and level of access man-
agement;
* Type of freight service; and

* Types of public transit services (for example,
bus, bus rapid transit, fixed guideway and so

forth).

These factors are used to inform the practitioner’s de-
cisions related to both the physical design and opera-
tions of the thoroughfare.
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Table 4.1 Context Zone Characteristics

Context Distinguish- General Building Frontage Typical Type of Transit
Zone ing Charac- Character Place- Types Building Public (Where
teristics ment Height Open Provided)
Space
C-1 Natural | Natural landscape | Natural features | Not applicable | Not applicable Not applicable | Natural open | None
space
C-2 Rural | Agricultural with | Agricultural Large setbacks | Not applicable Not applicable | Agricultural Rural
scattered develop- | activity and and natural
ment natural features
C-3 Primarily single Detached build- | Varying front | Residential uses 1to 2 story Parks, green- Local, express
Suburban | family residential ings with land- | and side yard | include lawns, with some 3 belts bus
with walkable scaped yards, setbacks porches, fences story
development pat- | normally adja- and naturalistic
tern and pedestrian | cent to C-4 zone. tree planting.
facilities, dominant | Commercial uses Commercial uses
landscape charac- | may consist of front onto thor-
ter. Includes scat- neighborhood or oughfare.
tered commercial community shop-
uses that support | ping centers,
the residential uses, | service or office
and connected in uses with side or
walkable fashion. | rear parking.
C-4 Mix of housing Predominantly | Shallow to Porches, fences 2 to 3 story Parks, green- | Local, limited
General types including detached build- | medium front with some belts stop bus rapid
Urban attached units, ings, balance and side yard variation and transit, express
with a range of between land- | setback few taller bus; fixed
commercial and scape and build- workplace guideway
civic activity at the | ings, presence buildings
neighborhood and | of pedestrians
community scale
C-5Urban | Attached hous- Predominantly | Small or no Stoops, dooryards, | 3 to 5 story Parks, plazas Local bus; lim-
Center ing types such as | attached build- | setbacks, build- | storefronts and with some and squares, ited stop rapid
townhouses and | ings, landscap- | ings oriented | arcaded walkways | variation boulevard transit or bus
apartments mixed | ing within the | to street with median land- | rapid transit;
with retail, work- | public right of | placement and scaping fixed-guideway
place and civic way, substantial | character de- transit
activities at the pedestrian ac- | fining a street
community or sub- | tivity wall
regional scale.
C-6 Urban | Highest-intensity | Attached build- | Small or no Stoops, dooryards, | 4+ story with | Parks, plazas Local bus; lim-
Core areas in sub- ings forming setbacks, build- | forecourts, a few shorter | and squares, ited stop rapid
region or region, | sense of enclo- | ing oriented to | storefronts and buildings boulevard transit or bus
with high-density | sure and con- street, placed | arcaded walkways median land- | rapid transit;
residential and tinuous street at front prop- scaping fixed-guideway
workplace uses, wall landscaping | erty line transit
entertainment, within the public
civic and cultural | right of way,
uses highest pedes-
trian and transit
activity
Districts To be designated and described locally, districts are areas that are single-use or multi-use with low-density devel- | As applicable
opment pattern and vehicle mobility priority thoroughfares. These may be large facilities such as airports, business
parks and industrial areas.

(Based on transect zone descriptions in SmartCode Version 9.2, 2008. Source: Duany Plater-Zyberk & Company.)
Shaded cells represent Context Zones that are not addressed in this report.
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Figure 4.5 lllustration of a boulevard. Source: Claire Vlach, Bottomley Design & Planning.

* Thoroughfare type—governs the selection of the
thoroughfare’s design criteria and, along with
the surrounding context, is used to determine
the physical configuration of the thoroughfare.
Design criteria and physical configuration ad-
dress which elements are included in the design
and selection of dimensions. Use thoroughfare
types, along with context zones, to develop de-
signs for:

* Streetside (sidewalks, planting strips);

* Traveled way (lanes, medians, on-street
parking, bicycle lanes); and

* Intersections.

Additionally, use thoroughfare type to determine the
following design controls:

* Target speed (see Chapter 7); and

*  Sight distance.

Table 4.2 shows specific thoroughfare types that are
commonly used in the United States and gives a gen-
eral description of each type. As this report focuses on
urban thoroughfares in walkable areas, only three of
the types in Table 4.2 fall into this category: boule-

vards, avenues and streets. These thoroughfare types
typically serve a mix of modes, including pedestrian,
bicycle users, private motor vehicles (for passenger
and freight) and transit.

Boulevards are typically larger thoroughfares with
medians (Figure 4.5). They serve a mix of regional
and local traffic and carry the most important transit
routes. The multiway boulevard is a variant of a bou-
levard that contains separated roadways for through
and local access traffic. Multiway boulevards may be
considered when balancing the needs of abutting land
uses (for example, curb parking, pedestrian facilities,
land access, fronting buildings) with arterial func-
tions. See Chapter 6 for more discussion of multiway
boulevards.

Avenues (Figure 4.6) and streets (Figure 4.7) are
similar to each other in form but avenues can be up
to four lanes with a median. Streets are generally two
lanes and serve predominantly local traffic. In walk-
able areas, all thoroughfare types have a strong pedes-
trian orientation.

Table 4.3 shows the relationship between thorough-
fare types and functional classification. In general,
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Figure 4.6 Illustration of an avenue. In this example on-street parking is dropped to gain width for a left turn lane at
the intersection. Source: Claire Vlach, Bottomley Design & Planning.

Figure 4.7 lllustration of a street. Source: Claire Vlach, Bottomley Design & Planning.
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Table 4.2 Thoroughfare Type Descriptions

Functional Definition

Thoroughfare Type

Freeway/Expressway/
Parkway

Freeways are high-speed (50 mph +), controlled-access thoroughfares with grade-separated interchanges
and no pedestrian access. Includes tollways, expressways and parkways that are high- or medium-speed
(45 mph +), limited-access thoroughfares with some at-grade intersections. On parkways, landscaping is
generally located on each side and has a landscaped median. Truck access on parkways may be limited.

Rural Highway

High-speed (45 mph +) thoroughfare designed both to carry traffic and to provide access to abutting
property in rural areas. Intersections are generally at grade.

Boulevard
(see Chapters 8,9 and 10
for design guidance)

Walkable, low-speed (35 mph or less) divided arterial thoroughfare in urban environments designed to
carry both through and local traffic, pedestrians and bicyclists. Boulevards may be long corridors, typically
four lanes but sometimes wider, serve longer trips and provide pedestrian access to land. Boulevards may
be high-ridership transit corridors. Boulevards are primary goods movement and emergency response
routes and use vehicular and pedestrian access management techniques. Curb parking is encouraged on
boulevards.

Multiway boulevards are a variation of the boulevard characterized by a central roadway for through traffic
and parallel access lanes accessing abutting property, parking and pedestrian and bicycle facilities. Parallel
access lanes are separated from the through lanes by curbed islands with landscaping; these islands may
provide transit stops and pedestrian facilities. Multiway boulevards often require significant right of way.

Avenue
(see Chapters 8,9 and 10
for design guidance)

Walkable, low-to-medium speed (25 to 35 mph) urban arterial or collector thoroughfare, generally shorter
in length than boulevards, serving access to abutting land. Avenues serve as primary pedestrian and bicycle
routes and may serve local transit routes. Avenues do not exceed 4 lanes, and access to land is a primary
function. Goods movement is typically limited to local routes and deliveries. Some avenues feature a raised
landscaped median. Avenues may serve commercial or mixed-use sectors and usually provide curb parking.

Street
(see Chapters 8,9 and 10
for design guidance)

Walkable, low speed (25 mph) thoroughfare in urban areas primarily serving abutting property. A street is
designed to (1) connect residential neighborhoods with each other, (2) connect neighborhoods with com-
mercial and other districts and (3) connect local streets to arterials. Streets may serve as the main street
of commercial or mixed-use sectors and emphasize curb parking. Goods movement is restricted to local
deliveries only.

Rural Road

Low speed (25 to 35 mph) thoroughfare in rural areas primarily serving abutting property.

Alley/Rear Lane

Very low-speed (5 to 10 mph) vehicular driveway located to the rear of properties, providing access to
parking, service areas and rear uses such as secondary units, as well as an easement for utilities.

Shaded cells represent thoroughfare types that are not addressed in this report.
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Table 4.3 Relationship Between Functional Classification and Thoroughfare Type

Thoroughfare Types
FREEWAY/
EXPRESS-
Functional WAY/PARK- RURAL RURAL | ALLEY/REAR
Classification WAY HIGHWAY | BOULEVARD | AVENUE STREET ROAD LANE

Principal Arterial

Minor Arterial

Collector

Local

Shaded cells represent thoroughfare types that are not addressed in this report.

boulevards serve an arterial function, avenues may be
arterials or collectors and streets typically serve a col-
lector or local function in the network.

More detailed descriptions of the general design param-
eters and desired operating characteristics of the thor-
oughfare types are given in Table 4.4. As mentioned
above, this document focuses on the three types that can
be considered urban thoroughfares: boulevards, avenues
and streets. Those thoroughfare types serving areas with
traditional urban characteristics are suitable for the four

urban context zones C-3, C-4, C-5 and C-6.

Chapter 5 provides an overview of the design process
and identifies how the selection of context zones and
thoroughfare types relates to each stage of thoroughfare
design. Chapter 6 presents design parameters and crite-
ria for each thoroughfare type based on a combination of
functional class, context zone and whether the surround-
ing land use is predominantly commercial or residential.
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Purpose

This chapter outlines a five-stage process for de-
signing thoroughfares in walkable urban contexts
where the community has determined that the
character of the thoroughfare and its integration
with its surroundings are a high priority. It also
presents an approach to designing thoroughfares
within constrained rights of way and discusses the
flexibility the designer has in applying design pa-
rameters. While the focus of this report’s approach
to design is on walkable thoroughfares in mixed-
use areas, the design process presented in this chap-
ter is applicable to all types of areas and thorough-
fares, regardless of their modal emphasis.

This chapter presents design criteria that form the
basis for the design guidance presented in subse-
quent chapters. As with the design process, the
fundamental design criteria and the flexibility in-
herent in the interpretation and application of the
criteria are applicable to all types of thoroughfares
in all types of contexts.

Applicability of Design Criteria

The guidance presented in this report focuses on
the design of urban thoroughfares in walkable con-
texts. As with the design process, the fundamental
design criteria and the flexibility inherent in the
interpretation and application of the criteria is ap-
plicable to all types of thoroughfares in all types
of contexts. However, most of the guidance is also
applicable to thoroughfares in other contexts where
vehicle travel may be a priority. When designing a
thoroughfare in a walkable area or a vehicle mobil-
ity priority thoroughfare, the practitioner can use
this report to identify the sections with relevant
and applicable considerations and guidance. If not
identified in the report, the guidance provided in
the AASHTO A Policy for the Geometric Design
of Highways and Streets, otherwise known as the
“Green Book” (2004), is recommended.

ite=

Objectives

This chapter:
1. Describes the various components of the thor-
oughfare and describes fundamental features of

CSS in thoroughfare design;

2. Defines terms that are used in the thoroughfare
design process;

3. Provides an overview and describes the five stag-
es of the thoroughfare design process; and

4. Outlines a process for designing thoroughfares
in constrained rights of way.

Definitions

Walkable urban thoroughfare design requires attention
to many elements of the public right of way and how
these elements integrate with adjoining properties. To
assist the designer in successfully assembling the ele-
ments of the thoroughfare, this report organizes defini-
tions, design principles and criteria into four sections
corresponding to the components of a thoroughfare.
The three components that comprise the cross-section
of the thoroughfare are illustrated in Figure 5.1 (con-
text, streetside and traveled way), while the fourth
component, intersections, is discussed below.

Figure 5.2 illustrates many of the fundamental ele-
ments of walkable thoroughfare design, including ele-
ments in the traveled way and streetside, and as part
of the context.

Each of the components can be described as follows:
* Context—encompasses a broad spectrum of en-
vironmental, social, economic and historical as-
pects of a community and its people. All of these
aspects are important in applying CSS princi-
ples to thoroughfare design. Thus, context can
be the built environment or part of the natural
environment. The built environment consists of
properties and activities within and adjacent to
the public right of way and the thoroughfare it-
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Context _ Streetside, Traveled Way

Figure 5.1 Components of an urban thoroughfare. Source: Community, Design + Architecture.

Figure 5.2 An illustration of the elements of a context sensitive thoroughfare. Source: Concept by Community, Design +
Architecture, illustration by Digital Media Productions.

self, with surroundings that contribute to char-
acteristics that define the context zone.

Buildings, landscaping, land use mix, site access
and public and semipublic open spaces are the
primary shaping elements of the built context.
The natural environment includes features such
as water or topography. In both environments,
context can reflect historic or other protected
resources. An urban thoroughfare will often
change as the context changes from one zone to
another. The thoroughfare itself and the activity
it handles become part of the context after it is
completed. Finally, all contexts whether built or
natural, include the equally important elements

of economics, time, community perspective,
political positions, trade-offs and a multitude
of other factors that will directly or indirectly
influence the shaping of the context and thor-

oughfare design.

Streetside—the public right of way typically in-
cludes planting area and sidewalk, from the back
of the curb to the front property line of adjoin-
ing parcels. The streetside is further divided into
a series of zones that emphasize different func-
tions, including frontage, throughway, furnish-
ings and edge zones (Table 5.1 and Chapter 8
provide detailed descriptions). The function of
streetside zones and the level of pedestrian use of

Designing Walkable Urban Thoroughfares: A Context Sensitive Approach



Table 5.1 Definition of Terms and Concepts in Chapter 5

Definition

Term or Concept

Frontage Zone One of the zones comprising the streetside, the frontage zone is the space between the pedestrian travel
way and building faces or private property. At a minimum it provides a buffer distance from vertical sur-
faces or walls and allows people to window shop or enter/exit buildings without interfering with moving
pedestrians. The frontage zone provides width for overhanging elements of adjacent buildings such as
awnings, store signage, bay windows and so forth. If appropriate width is provided, the frontage zone may
accommodate a variety of activities associated with adjacent uses, such as outdoor seating or merchant

displays.

Throughway Zone The streetside zone in which pedestrians travel. The throughway must provide a minimum horizontal and

vertical clear area in compliance with PROWAG accessible route requirements.

Furnishings Zone The furnishings zone is a multipurpose area of the streetside. It serves as a buffer between the pedestrian
travel way and the vehicular area of the thoroughfare within the curbs, and it provides space for streetside
appurtenances such as street trees, planting strips, street furniture, utility poles, sidewalk cafes, sign poles,

signal and electrical cabinets, phone booths, fire hydrants, bicycle racks and bus shelters.

Edge Zone The edge zone, sometimes also referred to as the “curb zone,” is the transition area between the thor-
oughfare traveled way and the furnishings zone of the streetside and provides space for the door swing
from vehicles in the parking lane, for parking meters and for the overhang of diagonally parked vehicles.

Right of way Right of way is the publicly owned land within which a thoroughfare can be constructed. Outside of the

right of way, the land is privately owned and cannot be assumed to be available for thoroughfare construc-
tion without acquiring the land through dedication or purchase.

(See Chapters 8 and 9 for further definitions and design guidelines for the components of the streetside and the traveled way.)

the streetside are directly related to the activities
generated by the adjacent context.

This chapter uses terms that are commonly used
in transportation planning and engineering and
introduces new terms and concepts that require

* Traveled way—the public right of way between -
definition.

curbs that includes parking lanes and the trav-
el lanes for private vehicles, goods movement,
transit vehicles and bicycles. Medians, turn
lanes, transit stops and exclusive transit lanes,

Overview of the Design Process

curb and gutter and loading/unloading zones
are included in the traveled way (see Chapter 9
for detailed descriptions).

* Intersections—the junction where two or more
public streets meet and where pedestrians share
the traveled way. Intersections are character-
ized by a high level of activity and shared use,
multimodal conflicts, complex movements and
special design treatments (Chapter 10 contains
detailed descriptions).

The context sensitive thoroughfare design process
presented in this report encompasses the project de-
velopment steps from developing project concepts
to final design. Briefly introduced in Chapter 2, the
design process is composed of the five stages shown
in Figure 5.3. While this report presents the process
in five discrete stages for simplicity, the thoroughfare
design process is an iterative process that requires col-
laboration with the public, stakeholders and a mul-
tidisciplinary team of professionals. As stated earlier,
this process is applicable for the design of all thor-
oughfare types under any context.
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Figure 5.3 Thoroughfare design stages. Source: Kimley-
Horn and Associates, Inc.

Stage 1: Review or develop an area
transportation plan.

An area transportation plan is a long-range plan
based on a public/stakeholder process that establish-
es goals and objectives for the area, town, or region.
The plan results in the pattern of the thoroughfare
network, the initial sizing of individual thoroughfares
and prioritization of transportation improvements.

The area transportation plan entails development
of land use and travel demand forecasts and testing
of network alternatives in considering context and
area objectives. Often this stage is already avail-
able and serves as a direction or resource for the
thoroughfare designer. This first stage provides the
overall basis for thoroughfare design. The trans-
portation plan establishes guiding principles and
policies for the broader community and region. It

develops and evaluates the network to ensure the
transportation system accommodates projected
land use growth.

The plan should identify performance measures for
each mode of transportation at the intersection, cor-
ridor and network level and should identify how the
network supports the community’s key goals.

The plan should identify and prioritize discrete
thoroughfare projects from which the project de-
velopment process begins. If an area transporta-
tion plan has not been prepared, one should be
prepared as part of the thoroughfare design pro-
cess. Area transportation plans can be in the form
of regional transportation plans, comprehensive or
general plans, or focused district, area, or specific
plans. Chapter 3 provides background and guid-

ance on network systems and design.

Stage 2: Understand community vision for
context and thoroughfare.

Understanding the vision, goals and objectives of the
place a thoroughfare serves is a critical step. This in-

cludes understanding the context as well as the thor-
oughfare’s role in the transportation system. Context
sensitive thoroughfare design considers today’s con-

ditions but also reflects plans for the future.

In this stage, the designer collaborates with the pub-
lic, stakeholders and a multidisciplinary team to de-
velop goals and objectives for the project.

If the community in which the project is located has
developed a vision and established goals and objec-
tives, this stage entails a thorough knowledge and
understanding to ensure that the project achieves
the vision. This stage requires review of planning
documents, transportation and circulation plans,
and land use and zoning codes. Through the com-
munity vision, a multidisciplinary team can deter-
mine both the existing and future context for the
area served by the thoroughfare. It is the future
context that defines the long-term transportation
and place-making function of the thoroughfare.
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If the community lacks a vision, desires a change, or
requires further detail in the project area, this is an
opportunity to use a public and/or stakeholder pro-
cess to answer questions that will form the basis of
a vision: What do we want the community to be?
What do we want the community to look like? How
do we want the community to function? Frequently,
it is desirable to use a participatory process to develop
concepts and alternatives, even if a vision exists. This
establishes public ownership in the project and helps

meet the requirements of the National Environmen-
tal Policy Act (NEPA), where applicable.

The process for working with the public and stake-
holders to develop a vision is outside the scope of
this report. However, there are resources available to
explain the process such as Public Involvement Tech-
niques for Transportation Decision-Making by the U.S.
DOT Federal Transit Administration.

Stage 3: Identify compatible thoroughfare
types and context zones.

Stage 3 determines the compatibility between the
existing and future context and the appropriate thor-
oughfare type. It considers land use and transporta-
tion integration, modal requirements, place-making
objectives and the functional roles of the adjacent
land use and street.

This report provides the tools for this stage in Chap-
ter 4—a framework for urban thoroughfare design.
Stage 3 relies on an understanding of the existing and
future context identified in Stage 2. Stages will result
in the identification of opportunities, design controls
and constraints that will dictate thoroughfare design
elements and project phasing.

Chapter 4 guides the thoroughfare design team
through the process of identifying context and alter-
native thoroughfare types best suited for the identi-
fied context zone. The initial relationship between the
context zone and the thoroughfare is tentative, lead-
ing to stage 4 of the process.

Stage 3 entails close examination of modal require-
ments (such as transit, bicycle, pedestrian and freight

needs) and establishes design controls such as traffic
volumes, speed, corridorwide operations, right-of-
way constraints and other fundamental engineering
controls (Chapter 7 provides additional information).
This stage might be an iterative process that compares
needs with constraints, identifies trade-offs and estab-
lishes priorities. Specific steps in this stage include:

1. Determining the context zone(s) within which
each segment of the thoroughfare is located.The
context zones, whether existing or projected, are
determined from a community or regional com-
prehensive plan if one is available. In the absence of
such a plan, the context zones can be derived from
the description of the function and configuration,
the type of the buildings fronting the thoroughfare
and whether the context is predominantly resi-
dential or commercial. Note that the context zone
will likely vary throughout the length of a corri-
dor, requiring the thoroughfare to be divided into
segments that may have varying design parameters
and elements. Table 4.1 in Chapter 4 can assist in
identifying context zones; and

2. Selecting the appropriate thoroughfare type
based on context zone and purpose of the thor-
oughfare as determined from the area plan, in-
cluding its functional classification designation.

Tables 4.2, 4.3 and 4.4 in the previous chapter assist a
multidisciplinary team in developing the character and
general design parameters of the thoroughfare. The
thoroughfare’s functional classification establishes the
role of the thoroughfare in the transportation network.
The thoroughfare type helps determine certain design
controls such as target speed, the physical design of the
thoroughfare and the design elements that serve the ac-
tivities of the adjacent uses. For urban thoroughfares in
walkable communities, the combination of thorough-
fare type, functional classification and context zone is
used to select the appropriate general design param-
eters presented in Chapter 6 and the streetside, trav-
eled way and intersection design guidelines presented
in Chapters 8 through 10, respectively.

Stage 4: Develop and test the initial
thoroughfare concept.

Understanding the balance between the regional func-
tions and local needs of the thoroughfare is a key factor
in selecting the appropriate design criteria and prepar-
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ing the initial thoroughfare concept. Stage 4 deter-
mines whether the boulevard, avenue, or street concept
of initial width is appropriate. This step in the process
feeds back into the previous stages if the evaluation of
the concept results in the need to change the initial
thoroughfare type or modify the system design. In this
stage a multidisciplinary team uses the design param-
eters identified by the context zone/thoroughfare type
combination selected in stage 3 (Tables 6.1 through
6.4 in Chapter 6) to determine the basic elements of
the thoroughfare that affect its width, including on-
street parking, bicycle facilities, number and width of
travel lanes, median and general configuration of the
streetside.

In stage 4, initial thoroughfare concepts are developed
by establishing vital parameters such as speed, number
of lanes, travel way and streetside widths, right of way
and other design parameters. In this stage, the thor-
oughfare’s function beyond the limits of the project
are considered along with its multimodal and place-
making functions to ensure both the community vision
and the overall network operate as planned.

The team then tests and validates the initial concept
at the corridor and network level of performance. A
successful urban thoroughfare concept is one that,
when viewed as part of an overall system, maintains
acceptable systemwide performance even though the
individual thoroughfare intersections may experience
congestion. Network performance should include
multimodal performance measures. Chapter 3 de-
scribes the role of the thoroughfare in the network
and references network-connectivity guidelines.

Evaluation of the thoroughfare at the corridor and
network level will either validate the initial concept or
indicate the need to revisit the context zone/thorough-
fare type relationship or modify the design parameters.
The evaluation might even indicate the need to revise
regional or subregional land use and circulation plans.

Stage 5: Develop a detailed
thoroughfare design.

Once a successful initial concept has been developed
and validated, the process leads to the final step of

The evaluation and initial designs in the previous
stages lead to stage 5—refinements and develop-
ment of a detailed thoroughfare design that reflects
the project objectives. This step culminates in final
engineering design and environmental approvals.

detailing the thoroughfare design. Stage 5 involves us-
ing the guidance to integrate the design of the street
components, context, streetside, travelway and in-
tersections. As with any design process, this stage is
iterative, resulting in a thoroughfare plan and cross-
sections. This stage then leads into preliminary and
final engineering. Specific steps in this stage include:

1. Identifying available right of way and other con-

straints.

In new developments, this step establishes the
necessary right of way to accommodate the
thoroughfare type and its desirable elements. In
existing built areas, this step identifies the avail-
able right of way as an input to the thoroughfare
design process. It is important to identify any
other constraints that will affect the design, such
as utility placement.

In existing areas, an initial cross-section of the
desirable streetside and traveled way elements is
prepared (see design examples in Chapter 6) and
compared with the available right of way. If the
total width of the desirable design elements ex-
ceeds the right of way, determine the feasibility
of acquiring the necessary right of way or elimi-
nating or reducing nonvital elements.

2. Design the traveled way elements.

First identify and select the design controls ap-
propriate for the thoroughfare type and con-
text zone identified in stage 3. These controls
include target speed (affects sight distance and
alignment), control/design vehicle (affects lane
width and intersection design) and modal re-
quirements, such as level of pedestrian activity,
parking, bike routes, primary freight routes, or
transit corridor and so forth. A trade-offs evalu-
ation may be necessary if right of way is con-
strained. The design controls and context, along
with the available right of way, assist in the se-
lection of the appropriate dimensions for each
design element.
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3. Design the streetside elements.

The design of the streetside elements requires
understanding the characteristics and activity of
the adjacent existing or future context. For ex-
ample, does or will the context include ground
floor retail or restaurants that require a wider
frontage zone to accommodate street cafes?
Does or will the thoroughfare include a transit
corridor that requires a wider furnishings zone
to accommodate waiting areas and shelters? This
report provides general guidance on the optimal
and constrained streetside width used initially,
but the actual design might require more analy-
sis of existing and future activity levels.

4. Assemble the thoroughfare components.

This is an iterative process, particularly in con-
strained rights of way. This process entails iden-
tifying trade-offs to accommodate the streetside
and traveled way elements within the right of
way. It is important to refer back to the com-
munity vision stage to understand and evaluate
the trade-offs. The last section of this chapter
provides an approach to design thoroughfares in
constrained conditions.

Flexibility in Application of
Design Criteria

Flexibility in the application of design criteria re-
quires an understanding of the functional basis for
the criteria and the ramifications of changing dimen-
sions or adding/eliminating design elements. Dimen-
sions, whether for elements in the streetside, traveled
way, or intersection, should not be applied arbitrarily
but should be based on a specific rationale. The con-
cept of design flexibility is not limited to thorough-
fares in walkable areas but is a concept that recognizes
the unique circumstances of every project under ev-
ery setting. The challenge that this concept presents is
aptly summarized in the Federal Highway Adminis-
tration’s Flexibility in Highway Design (1997):
For each potential project, designers are faced
with the task of balancing the need for the
highway improvement with the need to safely
integrate the design into the surrounding natu-
ral and human environments.

To correctly apply flexibility, the thoroughfare de-
signer should understand the relationship between a
recommended criterion and its role in safety and mo-
bility for all users. The American Association of State
Highway and Transportation Officials (AASHTO)
emphasizes this requirement in the following quote
from A Guide for Achieving Flexibility in Highway De-
sign (2004c¢):
Only by understanding the actual functional
basis of the criteria and design values can de-
signers and transportation agencies recognize
where, to what extent and under what condi-
tions a design value outside the typical range
can be accepted as reasonably safe and appro-
priate for the site-specific context.

Flexibility is related to the design controls used in
the selection of criteria. Design controls recognized
by AASHTO include functional classification, loca-
tion (urban versus rural), traffic volumes and level of
service, design vehicle and driver and target speed. All
of these design controls are important, regardless of
whether the designer believes the thoroughfare design
is context sensitive or not.

Design Process in Constrained
Right of Way

The nature of thoroughfare design is balancing the
desired design elements of the thoroughfare with
right-of-way constraints. The thoroughfare designs
presented in this report illustrate the desired ele-
ments within the cross-section, but actual conditions
frequently limit the width of the street. Designing
thoroughfares in constrained rights of way requires
prioritizing the design elements and emphasizing the
higher-priority elements in constrained conditions.
Higher-priority design elements are those that help
the thoroughfare meet the vision and context sensi-
tive objectives of the community (the objectives es-
tablished in stage 2). Lower-priority elements have
less influence on achieving the objectives and can be
relinquished in cases of insufficient right of way.

Often the width of the public right of way varies along

the thoroughfare, making the job of the designer even
more challenging. When the width of the right of way
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varies, it is useful to prioritize design elements and de-
velop a series of varying cross-sections representing:
1. Optimal conditions—sections without right-of-
way constraints that can accommodate all desir-
able elements;

2. Predominant—representing sections of the pre-
dominant right-of-way width in the corridor
that accommodate all of the higher-priority ele-
ments;

3. Functional minimum—representing a typically
constrained section where most of the higher-
priority elements can be accommodated; and

4. Absolute minimum—representing severely con-
strained sections where only the highest-priority
design elements can be accommodated without

changing the type of thoroughfare.

Below the absolute minimum, or if the predominant
right of way is equal to or less than the absolute mini-
mum, consider changing the thoroughfare to a differ-
ent type while attempting to maintain basic function,
or consider converting the thoroughfare to a pair of
one-way thoroughfares (couplet)—or, further still,
consider other solutions that achieve the community
vision. This requires recycling through the steps of the
design process, potentially requiring a review of the
community vision for the thoroughfare and the area
transportation plan and/or identifying a new context
zone/thoroughfare relationship. If the vision for the
corridor is long range, then the necessary right of way
should be acquired over time as the adjacent prop-
erty redevelops. Under these circumstances the opti-
mal (or the predominant) thoroughfare width can be
phased in over time, beginning with the functional or
absolute minimum design in the initial phase.

In constrained conditions it might be tempting to
minimize the streetside width and only provide the
minimum pedestrian throughway (5 feet). In urban
areas, however, even under constrained conditions,
it is critical to provide at least a minimum width
furnishing zone to accommodate street trees, utility
poles and other appurtenances. Without the furnish-
ings zone, trees, utilities, benches and shelters and
other street paraphernalia might encroach into the
throughway for pedestrians or result in an inadequate
width streetside when the community’s vision for the
context zone is ultimately achieved.

Table 5.2 provides minimum recommended dimen-
sions for the streetside in constrained conditions,
which vary by the predominant land use. In residen-
tial areas, the furnishings zone can be a minimum of 3
feet. This width continues to provide a buffer between
pedestrians and the traveled way and also allows a
minimal width for plantings and utilities. The clear
throughway for pedestrians should be a minimum of
5 feet. The frontage zone should be a minimum of 1
foot adjacent to buildings or eliminated adjacent to
landscaping. These dimensions result in a minimum
residential streetside width of 9 feet.

In predominantly commercial areas with ground
floor retail, the furnishings zone minimum width is 4
feet to allow for street trees, utilities and so forth. The
clear throughway for pedestrians is a minimum of 6
feet to allow for a higher level of pedestrian activity,
and the frontage zone minimum is 2 feet to provide
a buffer between moving pedestrians and buildings,
resulting in a 12-foot streetside width. When a wider
frontage zone is needed (for street cafes and so forth),
consider requiring the adjacent property to provide an
easement to effectively expand the streetside width.
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Table 5.2 Minimum Recommended Streetside Dimensions for Thoroughfares in Walkable Areas
Under Constrained Conditions

Streetside Zone Minimum Dimension

Residential (All Context Zones)

Edge and Furnishing Zone 3 feet
(Planting Strip, utilities, etc.)

Clear Pedestrian Travel Way 5 feet
Frontage Zone 1 foot

Total Minimum Streetside Width:

Commercial with Ground Floor Retail (All Context Zones)

Edge and Furnishing Zone 4 feet
(Treewell', utilities, bus stops, etc.)

Clear Pedestrian Travel Way 6 feet
Frontage Zone 2 feet

Total Minimum Streetside Width: 12 feet

"Plant only small caliper trees (4" diameter when mature) in 4-foot treewells.

The minimum recommended streetside dimensions for thoroughfares in other areas (such as vehicle-oriented areas) should be based on the
designer's understanding of the community's objectives, the future desired traversability of the area, the future potential redevelopment of the

adjacent property and the need to accommodate all users.
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4 Thoroughtfare Designs for Walkable Urban Areas

Purpose

This chapter identifies how design elements can be
combined to produce a thoroughfare in urban walk-
able areas with traditional characteristics. This chap-
ter includes tables of common cross-sectional design
elements for thoroughfare types in each context zone
and provides design examples under various situa-
tions. The variation in design criteria are presented
by context zone (C-3 through C-5/6), thoroughfare
type (boulevard, avenue and street) and whether the
thoroughfare serves a predominantly residential or
commercial area with fronting ground floor retail.

The design criteria presented in this chapter focus pri-
marily on thoroughfares in walkable areas, but many
of the principles and design examples in this chapter
are fully applicable to other areas as well.

Objectives

This chapter:
1. Describes how variables such as context zone
and land use type can affect the design of thor-
oughfares; and

2. Provides design examples that guide the practi-
tioner through the design process.

Basis for Thoroughfare Design
Examples

The thoroughfare examples illustrate variations in the
traveled way and streetside based on the variables of
existing right-of-way constraints, context zone, func-
tional classification, thoroughfare type and predomi-
nant surrounding land use and ground floor uses. The
general influence of each variable on the design of a
thoroughfare is summarized in Table 6.1.

General Walkable Thoroughfare
Design Parameters

While walkable thoroughfares can be any function-
al classification of thoroughfare—arterial, collec-
tor, or local—this report addresses only arterial and
collector thoroughfares. Within those functional
classifications, all three thoroughfare types—bou-
levards, avenues and streets—may be employed and
should be designed to be walkable. The remainder
of this chapter provides basic design criteria for de-
veloping initial cross-section characteristics. How-
ever, despite the presentation of these criteria, de-
signers are reminded that each thoroughfare design
is unique, and the ultimate design needs to address
the context, objectives, priorities and design con-

Table 6.1 Effect of Variables on Thoroughfare Design Elements

Variable Effect on Design Elements

Context Zone

A designation of design character that affects general design parameters including the selection
of thoroughfare type, target speed and the width and treatment of certain streetside elements.

Thoroughfare Type

Affects general design parameters of thoroughfares including target speed, number of through
lanes, basic travel lane width, medians and the width of certain streetside elements.

Predominant Land Use and Ground
Floor Use

Divided into predominantly residential or commercial. Residential areas affect streetside width,
parking lane width, landscaping and building setback. Commercial, particularly where there is
ground floor retail, affects the width of the streetside uses for pedestrian facilities, bus stops, land-
scaping, outdoor cafes and so forth. Adjacent land uses, pedestrian activity, building orientation
and so forth directly influence the target speed (and related design elements).
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Table 6.2 Selected Characteristics of Walkable Thoroughfares

Characteristic

Walkable Thoroughfares

Vehicle-Oriented

Thoroughfares

Target speed range

From Table 6.4.

25-35 mph.

Pedestrian separation from moving traffic

Curb parking and streetside furnishing
zone.

Optional, typically separation achieved
with planting strip.

Streetside width

Minimum 9 feet (residential) and 12 feet
(commercial) to accommodate sidewalk,
landscaping and street furniture.

Minimum 5 feet.

Block lengths

200-660 feet.

Up to one-quarter mile.

Protected pedestrian crossing frequency
(pedestrian signals or high-visibility mark-
ings at unsignalized crossings)

200-600 feet.

As needed to accommodate pedestrian
demands.

Pedestrian priority at signalized intersec-
tion

Pedestrian signals and pedestrian count-
down heads, adequate crossing times,
shorter cycle lengths and median refuges
for very long crossings.

Vehicle priority; may have longer cycle
lengths and require two cycles for slower
pedestrians to cross wide streets with
medians.

Pedestrian crossings

High-visibility crosswalks shortened by
curb extensions where there is on-street
parking.

Full street width.

Median width

6 feet minimum width at crosswalk, if used
as pedestrian refuge, plus 10 feet for left-
turn lane, if provided. 14 foot total width
for left-turn lane if no refuge needed.

14-18 feet for single left-turn lane; 26-30
feet for double left-turn lane.

pedestrian crossings.

Vehicular access across sidewalks 24 feet or less, except if specific frequent As needed.
design vehicle requires added width.
Curb parking Normal condition except at bus stops and None.

Curb return radius

10-30 feet; low-speed channelized right
turns where other options are unworkable.

30-75 feet; high-volume turns channel-
ized.
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Table 6.3 Design Elements Influenced by Functional Classification

Characteristic

Arterials

Collectors

Network Characteristic

Continuity Longer, extending intercity, interarea or Shorter, connecting neighborhoods and
serving major corridors. providing local connections to activity cen-
ters; usually 1-2 miles.
Trip lengths Longer (local and regional). Shorter (local only).

Role in bicycle network

target speed.

Designated bikeway with bike lanes or
shared lanes depending on context and ties.

Bike lanes, signed routes, or shared facili-

Segment Characteristic

Target speed range (see Table 6.4) 30-35 mph.

25-30 mph.

Traffic volumes (daily) 10,000-50,000.

1,000-10,000.

Transit

Major regional fixed guideway corridor,
express, or local bus routes.

Local bus service only, where provided.

cept established for the facility and corridor. Con-
sequently, the thoroughfare designs resulting from
use of this guidance may deviate from the initial
parameters presented here.

For purposes of comparison, Table 6.2 presents some
of the common characteristics that should be provid-
ed for all walkable thoroughfares and contrasts these
characteristics with those of conventional vehicle-ori-
ented thoroughfares.

While the characteristics for walkable thorough-
fares of all functional classifications and thorough-
fare types have much in common, the thorough-
fare’s functional classification does influence some
of the design characteristics, only a few of which
affect cross-section. Table 6.3 compares those de-
sign characteristics that vary depending on func-
tional classification.

Table 6.4 presents the recommended initial cross-
section and other design criteria to be used in
the design of walkable thoroughfares. Chapters 8

though 10 provide additional criteria and discus-
sion on how and when to use the various design el-
ements. While Table 6.4 focuses on thoroughfares
in walkable areas, many of the design elements are
applicable in other areas.

Specialized Thoroughfare Designs

This section discusses the design of two specialized
types of thoroughfares: main streets and multiway
boulevards.

Main Streets

Main streets used to be the principal thoroughfares of
American towns, where people could find all types of
goods and services. They were the center of commer-
cial, social and civic activities. Main streets thrived up
until the 1960s and 70s, when larger-scale, auto-ori-
ented shopping centers became popular. Many com-
munities are revitalizing their main streets to return
to a traditional small town mercantile environment or
are creating hybrids of traditional and contemporary
commercial centers.
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Table 6.4 Design Parameters for Walkable Urban Thoroughfares

Thoroughfare Design Parameters for Walkable Mixed-Use Areas
Suburban (C-3) General Urban (C-4)

Boulevard Boulevard Boulevard
[1] [1] [1]

Context
Building Orientation (entrance orientation) front, side front, side front, side front, side front, side front, side front front front
Maximum Setback [2] 20 ft. 20 ft. 20 ft. 5 ft. 5 ft. 5 ft. 15 ft. 15 ft. 15 ft.
Off-Street Parking Access/Location rear, side rear, side rear, side rear, side rear, side rear, side rear rear, side rear, side
Streetside
Recommended Streetside Width [3] 14.5-16.5 ft. 14.5 ft. 11.5 ft. 16 ft. 16 ft. 15 ft. 16.5-18.5 ft. 14.5 ft. 11.5 ft.
Minimum sidewalk (throughway) width 6 ft. 6 ft. 6 ft. 6 ft. 6 ft. 6 ft. 8 ft. 6 ft. 6 ft.
Pedestrian Buffers (planting strip exclusive 8 ft. 6-8 ft. planting 5 ft. 7 ft. tree well 6 ft. tree 6 ft. tree 8 ft. 8 ft. 6 ft.
of travel way width) [3] planting strip strip planting well well planting strip planting planting
strip strip strip
Street Lighting For all thoroughfares in all context zones, intersection safety lighting, basic street lighting, and pedestrian-scaled lighting is recommended. See

Chapter 8 (Streetside Design Guidelines) and Chapter 10 (Intersection Design Guidelines).

Traveled Way

Target Speed (mph) 25-35 25-30 25 25-35 25-35 25 25-35 25-30 25

Number of Through Lanes [5] 4-6 2-4 2 4-6 2-4 2 4-6 2-4 2

Lane Width [6] 10-11 ft. 10-11 ft. 10-11 ft. 10-12 ft. 10-11 ft. 10-11 ft. 10-11 ft. 10-11 ft. 10-11 ft.

Parallel On-Street Parking Width [7] 7 ft. 7 ft. 7ft. 8 ft. 7-8 ft. 7-8 ft. 7ft. 7ft. 71t

Min. Combined Parking/Bike Lane Width 13 ft. 13 ft. 13 ft. 13 ft. 13 ft. 13 ft. 13 ft. 13 ft. 13 ft.

Horizontal Radius (per AASHTO) [8] 200-510 ft. 200-330 ft. 200 ft. 200-510ft. | 200-510 ft. 200 ft. 200-510ft. | 200-330 ft. 200 ft.

Vertical Alignment Use AASHTO minimums as a target, but consider combinations of horizontal and vertical per AASHTO Green Book.

Medians [9] 4-18 ft. Optional 4-16 ft. None 4-18 ft. Optional None 4-18 ft. Optional None

4-18 ft. 4-16 ft.

Bike Lanes (min./preferred width) 5 ft./6 ft. 5 ft./6 ft. 5 ft./6 ft. 5 ft./6 ft. 5 ft./6 ft. 5 ft./6 ft. 5 ft./6 ft. 5ft./6 ft. 5ft./6ft.

Access Management [10] Moderate Low Low High Moderate Low Moderate Low Low

Typical Traffic Volume Range (ADT) [11] 20,000- 1,500-25,000 | 500-5,000 20,000— 1,500— 1,000 10,000— 1,500— 500-5,000
35,000 50,000 35,000 10,000 35,000 20,000

Intersections

Roundabout [12] Consider urban single—lane roundabouts at intersections on avenues with less than 20,000 entering vehicles per day, and urban double—lane roundabouts

at intersections on boulevards and avenues with less than 40,000 entering vehicles per day.

Curb Return Radii/Curb Extensions and Refer to Chapter 10 (Intersection Design Guidelines)
Other Design Elements

Table 6.4 Notes:

1. Multiway boulevards are a special form of boulevards. Generally they add one—way, 16—-20 foot wide access lanes adjacent to the outer curb and separated from the through traffic lanes by a longitudinal
island at least 6 ft. wide (10 ft. if accommodating transit stops). Access lanes have curb parallel parking plus one moving traffic/bike lane with a target speed of 15-20 mph. All vehicular traffic on the access
lanes is local. See Chapter 6 section on multiway boulevards for additional information.

2. For all context zones with predominantly commercial frontage, this table shows the maximum setback for buildings with ground floor retail. In suburban contexts, office buildings are typically set back 5 ft.
further than retail buildings to provide a privacy buffer. In general urban and urban center/core areas, office buildings are set back 0-5 ft. Setback exceptions may be granted for important civic buildings or
unique designs.

3. Streetside width includes edge, furnishing/planting strip, clear throughway, and frontage zones. Refer to Chapter 8 (Streetside Design Guidelines) for detailed description of sidewalk zones and widths in
different context zones and on different thoroughfare types. Dimensions in this table reflect widths in unconstrained conditions. In constrained conditions streetside width can be reduced to 12 ft. in com-
mercial areas and 9 ft. in residential areas (see Chapter 5 on designing within constrained rights of way).

4. Desired target speeds on avenues serving C—4 and C—5/6 commercial main streets with high pedestrian activity should be 25 mph.

5. Six lane facilities are generally undesirable for residential streets because of concerns related to neighborhood livability (i.e., noise, speeds, traffic volume) and perceptions as a barrier to crossing. Consider
a maximum of four lanes within residential neighborhoods.

6. Lane width (turning, through and curb) can vary. Most thoroughfare types can effectively operate with 10-11 ft. wide lanes, with 12 ft. lanes desirable on higher speed transit and freight facilities. Chapter

9 (Traveled Way Design Guidelines) (lane width section) identifies the considerations used in selecting lane widths. Curb lane width in this report is measured to curb face unless gutter pan/catch basin inlets
do not accommodate bicycles, then it is measured from the edge of travel lane. If light rail transit or streetcars are to be accommodated in a lane with motor vehicles, the minimum lane width should be the
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Table 6.4 Design Parameters for Walkable Urban Thoroughfares (continued)

Thoroughfare Design Parameters for Walkable Mixed-Use Areas

General Urban (C-4) Urban Center/Core (C-5/6)

Boulevard Boulevard Boulevard
[1] [1] [1]

Context

Building Orientation (entrance orientation) front front front front front front front front front
Maximum Setback [2] 0 ft. 0 ft. 0 ft. 10 ft. 10 ft. 10 ft. 0 ft. 0 ft. 0 ft.
Off-Street Parking Access/Location rear, side rear, side rear, side rear rear rear, side rear rear rear, side
Streetside

Recommended Streetside Width [3] 19 ft. 16 ft. 16 ft. 21.5ft. 19.5 ft. 16 ft. 21.5ft. 19.5 ft. 16 ft.
Minimum sidewalk (throughway) width 8 ft. 6 ft. 6 ft. 10 ft. 9 ft. 6 ft. 10 ft. 9 ft. 6 ft.
Pedestrian Buffers (planting strip exclusive | 7 ft. tree well 6 ft. tree 6 ft. tree 7 ft. tree well 6 ft. tree 6 ft. tree 7 ft. tree well 6 ft. tree 6 ft. tree
of travel way width) [3] well well well well well well

Street Lighting For all thoroughfares in all context zones, intersection safety lighting, basic street lighting, and pedestrian-scaled lighting is recommended. See
Chapter 8 (Streetside Design Guidelines) and Chapter 10 (Intersection Design Guidelines).

Traveled Way

Target Speed (mph) 25-35 25-30 (4] 25 25-35 25-30 25 25-35 25-30 [4] 25

Number of Through Lanes [5] 4-6 2-4 2-4 4-6 2-4 2-4 4-6 2-4 2-4

Lane Width [6] 10-12 ft. 10-11 ft. 10-11 ft. 10-11 ft. 10-11ft. 10-11 ft. 10-11 ft. 10-11 ft. 10-11 ft.

Parallel On-Street Parking Width [7] 8’ 7-8 ft. 7-8 ft. 7 ft. 7 ft. 7 ft. 8 ft. 8 ft. 7-8 ft.

Min. Combined Parking/Bike Lane Width 13 ft. 13 ft. 13 ft. 13 ft. 13 ft. 13 ft. 13 ft. 13 ft. 13 ft.

Horizontal Radius (per AASHTO) [8] 200-510ft. | 200-330 ft. 200 ft. 200-510ft. | 200-330 ft. 200 ft. 200-510ft. | 200-330 ft. 200 ft.

Vertical Alignment Use AASHTO minimums as a target, but consider combinations of horizontal and vertical per AASHTO Green Book.

Medians [9] 4-18 ft. Optional None 4-18 ft. Optional None 4-18 ft. Optional None
4-18 ft. 4-16 ft. 4-18 ft.

Bike Lanes (min./preferred width) 5ft./6ft. 5ft./6 ft. 5ft./6ft. 5ft./6ft. 5ft./6ft. 5ft./6ft. 5ft. /6 ft. 5ft./6 ft. 5ft./6 ft.

Access Management [10] High Low— Low— Moderate Low— Low— High Low— Low—
Moderate Moderate Moderate Moderate Moderate Moderate

Typical Traffic Volume Range (ADT) [11] 15,000— 1,500— 1,000— 15,000— 1,500— 500-5,000 15,000— 1,500— 1,000—

50,000 30,000 15,000 30,000 20,000 40,000 30,000 15,000

Intersections
Roundabout [12]

Consider urban single—lane roundabouts at intersections on avenues with less than 20,000 entering vehicles per day, and urban double—lane round-
abouts at intersections on boulevards and avenues with less than 40,000 entering vehicles per day.

Curb Return Radii/Curb Extensions and
Other Design Elements

Refer to Chapter 10 (Intersection Design Guidelines)

width of the transit vehicle plus 1 ft. of clearance on either side. Most modern streetcars or light rail vehicles (LRT) can be accommodated in an 11 or 12 ft. wide lane but designers need to consider

the LRT vehicle’s “dynamic envelope” when designing on horizontal curves and intersections.

7. An 8 ft. wide parking lane is recommended in any commercial area with a high turnover of parking.

8. For guidance on horizontal radius—see AASHTO's “green book” section on “Minimum Radii for Low Speed Urban Streets—Sharpest Curve Without Superelevation.” Dimensions shown above are
for noted target speeds and are found on Exhibit 3—16 (Page 151) in A Policy on Geometric Design of Highways and Streets (2004), assuming a superelevation of —2.0 percent reflecting typical cross
slope. Depending on design vehicle, horizontal curves may require lane widening to accommodate large vehicle off—tracking. See AASHTO's section on “Traveled Way Widening on Horizontal Curves”
for guidance.

9. See also Chapter 9 for additional detail on medians. For curb to curb intersection crossing distances of 60 ft. or more, medians should be at least 6 ft. wide to serve as a pedestrian refuge, otherwise

the median should be at least 4 ft. wide. Where left turn lanes are to be provided, median widths should be increased by the width of the turn lane(s). Where left turn lanes are not needed (e.g., long
blocks) median widths may be as little as 4 ft.

10. Access management involves providing (i.e., managing) access to land development in such a way as to preserve safety and reasonable traffic flow on public streets. Low, moderate and high designa-
tions are used for the level of access restrictions. A high level of access management uses medians to restrict mid-block turns, consolidate driveways and control the spacing of intersections. A low level
of access management limits full access at some intersections, but generally uses minimal measures to restrict access.

11. These ranges of typical traffic volumes are intended to help determine the characteristics of thoroughfares. Volumes can fluctuate widely on all thoroughfare types. These ranges are not intended to
establish guidelines or upper bounds for designing thoroughfares.

12. Double-lane roundabouts are not recommended in urban areas with high levels of pedestrians and bicyclists.
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Figure 6.1 Buildings on main streets are typically
located on small lots and front the streetside. Parking is

either located in the rear of the building, on-street, or in
nearby public parking facilities. Source: Kimley-Horn and
Associates, Inc.

The value of today’s main streets is summarized in

this quote from Portland, Oregon Metro’s Main Street

Handbook:
“Main streets flourish because they provide a
variety of goods and services, a pleasant com-
munity environment and efficiency for those
who frequent them. When people do their
shopping at a main street, they simply accom-
plish more with less travel and may find the
experience more entertaining.”

Creating Quality Main Streets

While main streets vary from community to com-
munity, there are some universal characteristics. Main
streets may be located in any context zone but are
most commonly found in suburban (C-3), general
urban (C-4) and urban center (C-5) contexts. They
are usually short, walkable segments of arterial or col-
lector streets, often only a few blocks in length. They
are within a grid or interconnected system of local
streets serving the commercial center of town with
short blocks, minimal or no driveways and buildings
often served by alleys.

Land uses on main streets consist of compact, mixed-
use development, usually with a strong retail and en-
tertainment emphasis on the ground floors and an
equal mix of residential and/or commercial office or
services on the upper floors. The buildings are low-
scale (generally one to three stories) and are oriented

-

Figure 6.2 The design of main streets supports active
uses such as social interaction, street cafes, window
shopping and strolling. Source: Kimley-Horn and
Associates, Inc.

to the street without setback. Also, they are closely
spaced as shown in Figure 6.1. Parking lots or garages
are located behind or to the side of buildings. Public
parking consists of on-street parking and may include
strategically located parking lots or garages that sup-
port a “park once” environment.

The design of main streets includes wide streetsides
that support active uses such as street cafes, social in-
teractions, strolling and window shopping (Figure
6.2). Main streets, by tradition and design, are pedes-
trian friendly and may have historic or contemporary
urban design features, public spaces, or public art.
Main streets typically are no wider than two travel
lanes, provide on-street parking and may contain bi-
cycle lanes. Transit consists of local service.

The key ingredients for a successful main street include:

* 'The architecture of the adjacent buildings, ur-

ban design features, the appearance of the street
frontage and the provision of public spaces;

* The types and mix of uses, particularly those
that generate pedestrian activity and create an
active day and evening place;.

¢ Street design that accommodates low-speed traf-
fic, pedestrians, bicyclists and transit;

* Physical and visual thoroughfare and urban de-
sign elements that draw together both sides of
the street and encourage frequent traversal of
the street; and
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to accommodate the activities generated by the adjacent
land uses. Source: Kimley-Horn and Associates, Inc.

* A public parking strategy that encourages walking.

According to a report prepared for the New Jersey
Department of Transportation (Scoring Formula for
New Jerseys Main Streets, Rutgers University, March
2003) and based on a visual preference survey, the
attributes of a main street that positively affect how
people view the street include:

* The proportion of street frontage with active

commercial uses;

* A low proportion of street frontage with dead
space such as vacant lots, parking lots and blank
walls;

* The proportion of the street frontage with
parked cars generating activity, providing a buf-
fer between traffic and the streetside and slowing
traffic;

* 'The proportion of the street with a tree canopy;

* Width of sidewalk, with wider facilities provid-
ing more public space and greater levels of activ-

ity (see Figure 6.3); and

* Visible curb extensions that provide for shorter
crossing distances and space for plantings, street
furniture and traffic calming.

Attributes of a main street that negatively affect how
people view the street include:

* A high proportion of street frontage with dead

space such as vacant lots, parking lots and blank

walls (a negative response is associated with
more blank walls); and

* The number of travel lanes, where streets with
more than two lanes are perceived as having
higher speeds, more traffic, longer crossing dis-
tances and a less attractive appearance.

Design Factors That Create Main Street
Thoroughfares

The multidisciplinary design team needs to consider a
number of factors to create an appropriate main street
environment. This process often requires trade-offs,
such as balancing traffic throughput with economic
development goals.

Traveled Way

In designing the traveled way, there are three impor-
tant factors to consider: speed, width and parking.
Because of the pedestrian-oriented nature of main
streets, the target speed should be kept low (25-30
miles per hour) in main street segments, even on
thoroughfares designated as principal arterials. This
speed not only improves the user’s perception of the
street but also creates a safer environment, accommo-
dates frequent parking maneuvers and is consistent
with restricted sight distances encountered in urban
places. The visual interest drivers experience on main
streets requires lower speeds.

The width of the traveled way affects users’ percep-
tions of the speed and volume of the street. Wide
streets may be perceived as a barrier to crossing where
frequent crossings are desired and encouraged. Typi-
cally, main streets are two lanes wide with parallel
parking on both sides, resulting in a traveled way
width of 36 to 38 feet (Figure 6.4) or 44 to 48 feet
on streets with bicycle lanes. Wider streets may be re-
quired to accommodate angled parking (see discus-
sion on implementing angled parking below). An
increased number of travel lanes to three or four may
be appropriate based on community objectives, the
main street’s role in the network, and the existence or
lack of parallel thoroughfares.

On-street parking is considered an important design
element on main streets. It provides a source of short-
term parking for adjacent retail and service uses, buf-
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igur 6.4 Aty ical configu

fers pedestrians from traffic, creates friction that slows
traffic and produces a higher level of street activity.
Parallel parking lane width should be 8 feet to ac-

commodate the high level of parking turnover experi-
enced on main streets.

Main streets, as avenue or street thoroughfare
types, should forego raised medians, as they create
a physical and visual separation of the two sides
of the street in an environment in which pedestri-
ans are encouraged to cross the street frequently.
Main streets, as boulevards or any thoroughfare
wider than 60 feet, may use medians for pedestrian
refuge or turn lanes. Landscaping and urban de-
sign elements within the median may be used to
provide a unifying theme connecting both sides of
the street. Landscaping is an important element of
main streets. It serves as an amenity to pedestri-
ans and helps provides a uniform theme, often as
part of a planned streetscape. Landscaping on main
streets should be designed and maintained so that
it enhances the visibility and attraction of store-
fronts, signs and lighting. On new and redevelop-
ing main streets, the design of building facades and
signage should anticipate mature landscaping and
accommodate its growth without interfering with
visibility.

Common design issues related to main street traveled
ways include:
* Excessive street width: Whether two- or
four-lane cross-sections, excessively wide main
streets create barriers to pedestrian crossings,

pical configuration of a main street traveled way. Source: Reid Ewing and Michael King.

reduce the street enclosure created by the ratio
of street width to building height and encour-

age high travel speeds. The practitioner may

consider the following design solutions after

assessing the traffic operations and other needs

served by the street:

Convert four-lane undivided sections to a
three-lane section (one travel lane in each
direction and a center turn lane or median
with left-turn lanes at intersections). Use the
width gained to add on-street parking, bike
lanes, or, in the case of street reconstruction,
wider sidewalks.

A five-lane section on streets designated as
collectors may be converted to a three-lane
section with the remaining width used to
provide angled parking on one or both sides
of the street, depending on the total width of
the street.

Wide two-lane sections may be visually
narrowed with the addition of a painted
center turn lane (or raised median on bou-
levards), bike lanes, striping parking lane
lines, or edge lines. Raised and landscaped
curb extensions within parking lanes and
at intersections can physically narrow the
street.

On avenue and street thoroughfares, relative-
ly short (20 to 30 feet in length) raised and
landscaped medians can be used to break up
the width of the street, provide neck-down
areas (especially when combined with curb
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Figure 6.5 Angled parking is used to maximize on-
street parking on main streets. On narrow streets, some
communities use angled parking on one side and parallel
parking on the other, and alternate the arrangement from
block to block. Source: Kimley-Horn and Associates, Inc.

extensions) and can be used as pedestrian
refuges when used in conjunction with mid-
block crossings.

* On very wide thoroughfares (exceeding 90
feet curb to curb) or on very wide main
streets where traffic throughput needs to be
retained, consider implementing a multiway
boulevard, potentially on only one side of the
street.

* Implementing angled parking: Angled park-

ing is one strategy to maximize the public park-
ing supply on main streets, particularly in areas
where off-street parking is limited. On low-vol-
ume, low-speed collector avenues and streets in
commercial main street areas, where sufficient
curb-to-curb width is available, angled park-
ing may be appropriate. Angled parking can be
implemented on both sides of the street or on
one side of the street, with parallel parking on
the other side (see Figure 6.5). On some main
streets, angled and parallel parking are alternat-

ed in each block.

Angled parking can create sight distance prob-
lems associated with cars backing out of park-
ing spaces. The use of reverse (back-in) angled
parking in some cities has overcome these sight
distance concerns and is considered safer for
bicyclists traveling adjacent to angled parking.
Angled parking requires a wider adjacent travel

lane than parallel parking to allow vehicles to
back out (or back in) without encroaching onto
the opposing travel lane. Because the depth of
the angled parking spaces themselves and wider
adjacent lanes increase the overall width of the
street, the practitioner needs to assess the trade-
offs between the addition of parking spaces and
the negative effects associated with wider streets.

Main street is a state highway: Many main
streets are state highways, especially in smaller
towns where rural highways or principal arte-
rials pass through the community’s historical
commercial district. The design, maintenance
and operation of these streets are controlled by
the state department of transportation (DOT)
and are subject to the state’s policies and design
standards. During redevelopment projects or
during the planning of improvements to state
highways, the community may desire features
that conflict with state standards. While many
DOTs recognize the value the community plac-
es on their main streets and are amenable to ap-
plying flexibility in the application of their stan-
dards using the “design exception” process, some
desired design features may not be acceptable to
the DOT, even if the local municipality regu-
larly includes these features on its streets. DOTs
typically will work with municipalities and the
community to find solutions. The key elements
to successful planning and implementation of
walkable main streets on state highways include:

* Involving the DOT in the earliest stages of
planning and redevelopment projects located
adjacent to a state highway;

* Including the DOT as a key stakeholder in
all stages of the project but especially when
proposing any change or streetscape design
to a state highway or connecting street;

*  Working collaboratively with the DOT and
all other stakeholders to define a vision, goals
and objectives and to identify a purpose and
need statement for the project;

¢ Identifying potential tensions early in the
process and resolving them so they don’t hold
up the project in its last stages of planning

and design;
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* Understanding the DOT’s project develop-
ment and design exception process, as these
are the mechanisms through which any non-
standard feature will be accepted;

* Discussing design flexibility with the state’s
design engineers and establishing the ranges
of acceptability prior to developing street de-
signs; and

* Developing an early consensus on the con-
cept plan and nonstandard design features.
Build this consensus with a small subset of
the ultimate stakeholders before going to
the public and decision makers; this avoids
establishing public and stakeholder expecta-
tions that will not be supported by the DOT,
thus also avoiding dissatisfaction with the fi-
nal concept plan.

Streetside

Streetside design features include an appropriate
width to accommodate anticipated levels and types
of activity. The provision of distinct streetside zones is
very important on main streets. The clear pedestrian
throughway should be wide enough, at a minimum,
to allow two people to walk side-by-side. The front-
age zone should allow for window shopping, seating,
displays and pedestrian activity at building entrances.

The furnishings zone needs to accommodate many
functions, including street trees, planting strips, street
furniture, utilities, bicycle racks, transit facilities and
public art. If community objectives desire, and regu-
lations encourage restaurants, then ensure the street-
side furnishings zone can accommodate potential
street cafes.

The edge zone will need to accommodate frequent
car door openings, parking meters and signing. Light-
ing in the streetside should provide both safety illu-
mination of the traveled way and intersections and
also pedestrian-scaled decorative light standards illu-
minating the pedestrian way.

Requirements for Great Streets

Great Streets author Allan B. Jacobs describes the
physical qualities that are required to make great
streets. He states that most of the qualities are di-
rectly related to social and economic criteria and
designable qualities for creating good cities; acces-
sibility, bringing people together, publicness, livabil-
ity, safety, comfort, participation, and responsibility.

Some of these qualities may be challenging for the
thoroughfare designers to quantify in the design,
or are outside of the designer’s responsibility, thus
underscoring the importance of multidisciplinary
teams, stakeholder involvement and understanding
the community’s vision. Jacobs’ requirements for
great streets include:

e  Places for people to walk with some leisure
e Physical comfort
e Definition of the street’s edge

e Qualities that engage the eyes without being
disorienting

e Complementary building height and appear-
ance

e  Maintenance

e Quality of construction and design

For further information on these qualities, refer to
Part Four of Great Streets.

Intersections

Main street intersection design should emphasize
slow speeds and the management of conflicts through
appropriate traffic control and improved visibility. In-
tersections on main streets should emphasize pedes-
trian convenience, as these types of streets encourage
frequent crossing. Main street intersections should be
as compact as possible with short crossing distances,
using curb extensions where possible. Curb-return ra-
dii should be minimized and based on the design and
control vehicles selected (see Chapter 7). Crosswalks
need to be allowed on all approaches of the intersec-
tion. Midblock crossings are usually not necessary due
to short block lengths but may be considered where
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blocks are unusually long and there is a demonstrated
demand to cross. Typical main street intersections
would include the following design elements:

* Crosswalks on all approaches of signalized and
unsignalized intersections using highly visible
markings (e.g., longitudinal crosswalks) or alter-
native paving material;

* Curb extensions on streets with on-street parking;

* Curb-return radius as small as practicable on
streets without on-street parking or where de-
sign/control vehicle warrants a larger radius;

* Channelized right-turn lanes are generally inap-
propriate for main street environments but—
where needed due to intersection angle or re-
quired design vehicle—design should be low
speed, with adequate-sized island for pedestrian
refuge and possible signal control in high pedes-
trian-volume locations;

* Pedestrian countdown timers at signalized inter-
sections; indications should not require button
activation;

* Short cycle lengths to reduce pedestrian waiting
time, and pedestrian clearance intervals set for
slower-walking pedestrians; and

*  Wheelchair-accessible curb ramps and audible
indicators conforming to Public Rights-of-Way
Accessibility Guidelines (PROWAG).

A more detailed discussion of the intersection design
elements listed above are presented in Chapter 10.

Main Street Design Parameters

Table 6.5 provides general design parameters for
commercial avenues and streets in context zones C-3
through C-5 that may be applicable in the design of

main streets.

Multiway Boulevards

The multiway boulevard is an alternative to conven-
tional higher-volume, higher-speed arterial streets.
This thoroughfare type may be used where the com-
munity’s objective is to accommodate urban mixed
use or residential development and a walkable envi-
ronment on corridors with high traffic demands. A
multiway boulevard combines a central thoroughfare

for higher-speed through movements bordered by
landscaped medians that separate the central thor-
oughfare from one-way access lanes on each side of
the boulevard. The access lanes provide for slower
local traffic, parking, bicycle travel and a pedestrian-
oriented streetside and are designed to discourage
through traffic. Multiway boulevards may be consid-
ered where a community desires to make a very wide
arterial street more pedestrian friendly yet recognizes
the need to retain traffic capacity.

Characteristics of Multiway Boulevards

The general configuration of a multiway boulevard
is a bidirectional central roadway that contains four
or more lanes and may be divided or undivided, with
one-way access lanes on both sides separated from the
central roadway with medians. Characteristics of the
central roadway and access lanes include:

* Central roadway—emphasizes through traffic
movement and therefore should minimize im-
pediments to this function. This includes access
control between intersections, simplified phas-
ing at signalized intersections and restricted
movements onto and from the central roadway.
The central roadway may contain a raised land-
scaped median separating the two directions of
travel (in addition to the medians separating the
central roadway from the access lanes), depend-
ing on right of way and landscaping desires.
Parking is generally prohibited on the central
roadway. For purposes of this report, the central
roadway’s target speed would be 35 miles per
hour (mph) or less. The design and operation
of cross-street intersections is addressed below.

* Access lanes—emphasize local interface with
adjacent land uses. The access lanes are nar-
row, one-lane, very low-speed one-way streets
that include on-street parking and potentially
a shared vehicle/bicycle lane. Through traffic
on access lanes is discouraged through design.
Bike lanes may be provided, but it is preferred
that bikes share the vehicular lane.” The design
and operation of cross-street intersections is ad-
dressed below. Access lanes preferably should not
provide driveway access to adjacent properties.

2 Designers are encouraged to consult the MUTCD for the cur-
rent signing and marking for this configuration. Traffic control
device applications of this type are evolving.
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Table 6.5 Main Street Design Parameters

Context

Suburban (C-3)

General Urban (C-4)
Commercial Main Streets

Urban Center (C-5)

Avenue Street

Streetside

Recommended Streetside Width

Building Orlent§t|on front, side front, side front front front front
(entrance location)

Maximum Building Setback 5 ft. 5 ft. 0ft. 0 ft. 0 ft. 0 ft.
Off—Street Parking Access/Location rear, side rear, side rear, side rear, side rear, side rear, side

15 ft. 14 ft. 16 ft. 14 ft. 19.5 ft. 16 ft.

Edge Zone

1.5 ft. minimum for operational clearance. Use 2.5 ft. if angled parking is considered. Ensure edge zone is
wide enough to accommodate parking meters, utilities and signs.

Furnishings Zone Width

6 ft. tree well | 6 ft. tree well | 6 ft. tree well | 6 ft. tree well | 6 ft. tree well | 6 ft. tree well

Wider furnishings zone is needed to provide public spaces and if main street uses include the potential for
street cafes.

Pedestrian Throughway (minimum)

6f. | et | ef | et | 9 | ef

Frontage Zone

2.5 ft. to 3 ft. minimum to accommodate commercial activity along building fronts. Wider frontage zone is
needed (6 ft. or wider) if potential for street cafes or merchandise displays.

Street Lighting

Intersection safety lighting, basic street lighting and pedestrian—scaled lighting.

(if extensions not used)

Traveled Way

Target Speed (mph) 25 20-25 25 20-25 25 20-25
Number of Through Lanes 2-4 2 2-4 2 2-4 2
Lane Width 10-12 ft. 10-12 ft. 10-12 ft. 10-12 ft. 10-11 ft. 10-11 ft.
Parallel On—Street Parking Width 8 ft. 8 ft. 8 ft. 8 ft. 8 ft. 8 ft.
Min. Combined Parking/Bike Lane 13 ft. 13 ft. 13 ft. 13 ft. 13 ft. 13 ft.
Width

Medians Optional None Optional None Optional None
Bike Lanes (minimum/preferred 5 ft./6 ft. 5 ft./6 ft. 5 ft./6 ft. 5 ft./6 ft. 5 ft./6 ft. 5 ft./6 ft.
width)

Access Management Minimize driveways on main streets. Access land uses via cross streets and/or alleys.

Typical Traffic Volume Range 5,000 1,000-15,000 5,000 1,000-15,000 5,000 1,000-15,000
(vehicles per day) 20,000+ 20,000+ 20,000+
Intersections

Curb Extensions Yes Yes Yes Yes Yes Yes
(with on—street parking)

Minimum Curb Return Radii 10-15 ft. 10-15 ft. 10-15 ft. 10-15 ft. 10-15 ft. 10-15 ft.

Roundabouts

Not recommended on main streets, except as gateway intersections
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Property should be accessed from cross-streets or
alleys, although access lanes may be intersected
by local streets or consolidated driveways without
direct access to the central roadway. Access lanes
provide on-street parking that may be associated
with curb extensions at intersections or extensions
that contain street trees. The width of access lanes
is composed of the parking lane (7 to 8 feet) and
a shared travel lane (10 to 11 feet). Some fire de-
partments may require wider access lanes. How-
ever, for emergency access purposes, buildings may
be able to be accessed from the central roadway.
The maximum width of an access lane should be
17 feet with parking on one side and 24 feet with
parking on both sides.

Median islands—raised medians are used to sepa-
rate the access lanes from the central roadway. The
width of these medians varies because they may
serve multiple functions. At a minimum, the me-
dian contains landscaping, including trees, street-
lights, trafhic signs and other utilities. On transit
streets, the medians accommodate bus stops or
stations. On multiway boulevards with very wide
medians, sidewalks, seating and other urban de-
sign features may be provided. Medians may be
designed with mountable curbs and load-bearing
surfaces on the access lane side to accommodate

emergency vehicles. Median breaks are provided
on some traditional multiway boulevards to allow
vehicles into the access lane and entry back into
the central roadway where turn movements are re-
stricted at the intersections.

* Streetside—provides a highly pedestrian-ori-
ented environment and access to building en-
trances. On residential boulevards, the streetside
emphasizes planting strips or tree wells and pe-
destrian-scaled lighting. On commercial boule-
vards, the streetside is designed to accommodate
the activities of the adjacent ground floor uses,
emphasizing wide furnishing zones for street
trees, seating, urban design features and street
cafes. See Chapter 8 for details on the streetside.

General Cross-Section Design Parameters and
Right-of-Way Requirements

Because of their multiple components, the multiway
boulevard typically has greater right-of-way require-
ments than other types of boulevards. Although street-
side and median widths can vary substantially, the mini-
mum right of way for a basic four-lane multiway bou-
levard is 104 feet, composed of the following elements
(see Figure 6.6):

¢ 9-foot-wide streetsides;

Figure 6.6 A multiway boulevard is characterized by a central roadway with a pair of one-way access lanes. This type of
thoroughfare can combine high vehicular capacity with pedestrian-friendly streetsides. Source: Digital Media Productions.

ite=

Chapter 6: Thoroughfare Designs for Walkable Urban Areas 79



* 7-foot parking lanes;
¢ 10-foot access lanes;

¢ 6- tol0-foot medians (allows for street trees and
utilities); and

* Four 10- to 11-foot central roadway travel lanes.

As an example of a more desirable multiway boule-
vard width in an urban center (C-5) commercial con-
text, the recommended right of way of a four-lane
multiway boulevard, based on the design parameters
presented in Table 6.4 and Chapters 8 and 9, would
be 149 feet composed of

e 21.5-foot streetsides;

* 7-foot parking lanes;
¢ 10-foot access lanes;

* 14-foot medians (space for canopy trees, street
lighting, bus stops with seating/shelters and pe-
destrian refuge); and

* Four 11-foot central roadway travel lanes.

It may be desirable to provide a raised median within
the central roadway to provide for access manage-
ment, street lighting, trees, pedestrian refuge and left-
turn lanes at intersections. The width of a median in
the central roadway will vary depending on function
(see Chapter 9 for recommended median widths), but
would add 4 to 18 feet or more to the right-of-way
requirements. Bicycle lanes may also be a part of the
central roadway, which would require another 10 feet
of right-of-way width.

The right of way of several existing two-way multiway
boulevards in the United States ranges from 165 feet
(The Esplanade in Chico, CA) to 210 feet (Ocean
Parkway in Brooklyn, NY). The differences in width
are related to the number of central roadway lanes
(four versus six), existence of medians in the central
roadway and width of access lanes and access lane
medians (Bosselman, MacDonald, Kronemeyer. En-
vironmental Quality of Multiple Roadway Boulevards,
Institute of Urban and Regional Development, Uni-
versity of California at Berkeley, 1997). Figure 6.7 is
an example of a multiway boulevard that merges the
access lane in advance of the intersection (see the next
section on intersection design).

Figure 6.7 This multiway boulevard merges the access
lane into the central roadway in advance of intersections.
Source: Kimley-Horn and Associates, Inc.

Multiway Boulevard Intersection Design

Intersections on multiway boulevards provide one of
the most challenging aspects of designing this type of
thoroughfare. For successful multiway boulevard de-
sign, it is essential that all of the design elements work
together to manage the various traffic flows safely.

The most frequent concern about multiway intersection
design usually relates to how to control the side access
lanes. However, if propetly designed, the side access
lanes will have low volumes, and potential conflicts will
be minimal. Proper geometric design and signing are
also needed to communicate which user has the right
of way at any given time. The access lanes should not
be used to carry vehicles going several blocks along the
multiway boulevard. Narrow side access lanes and prop-
er intersection control will discourage through use of the
access lanes. Because of the proximity of the access lane
to the central roadway, queuing on the cross-streets can
block access lanes, and this will further discourage use
of the access lanes as through routes. Traffic engineers
may also be concerned with conflicts between vehicles
turning right from the central roadway and vehicles en-
tering the intersection from the access lane. This is best
addressed by having tight corner radii for both the cen-
tral roadway and the access lanes and good sight lines
between the central roadway and the access lanes so the
turning driver can avoid a conflict.

At this time there is no widely agreed-upon way to
design and operate a multiway boulevard intersection.
Multiway boulevards, both old and new, exist in many
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Figure 6.8 This multiway boulevard provides stop control for the low-volume, low-speed access lanes. The central
roadway is controlled by a traffic signal. Source: Kimley-Horn and Associates, Inc.

places in Europe and the United States, and the chal-
lenges of the intersections have been addressed in many
ways. The traditional design of multiway boulevard in-
tersections is to provide stop control for the access lanes
and signalized or stop control for the cross-streets and
central roadway (see Figure 6.8). In urban areas, the
access lanes are often controlled with traffic signals and
sometimes restrict selected movements from both the
central roadway and the access lanes. Common traffic
control and operational configurations for traditional
multiway boulevard intersections are described in Ta-

ble 6.6 and illustrated in Figure 6.9.

Alternative Multiway Intersection Designs

Thoroughfare designers have developed a number of
alternatives to the traditional multiway boulevard in-

tersection. These alternatives include:
* Access road slip ramps prior to and after intersec-
tions to provide conventional four-leg intersections;

* Forced right turns from the access lane to the
cross-street. Where turning movements are re-
stricted, cross-streets should be part of a well-con-
nected grid of streets so vehicles leaving the access
lanes can easily return to the central roadway;

* Access lanes diverted away from the central
roadway at cross streets increase separation and
reduce the complexity of the intersection. This
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design concept significantly affects the place-
ment of buildings at intersection corners; and

* Access lanes beginning just past an intersection
(either with or without a lane drop), and end-
ing with or without a lane addition just before
an adjacent intersection, similar to the design of
frontage roads.

All of the above alternatives disrupt the continuity of
the access lane along the length of the boulevard. This
is an important factor in considering local circulation,
particularly if the access lanes provide for bicycle trav-
el along the corridor.

Design Examples

The following design examples provide a brief synop-
sis of the design process, illustrating some of the key
steps in developing and evaluating solutions to thor-
oughfare design problems. The examples do not rep-
resent all of the possible combinations but do show
some common thoroughfare situations. The four ex-
amples respectively illustrate the following thorough-
fare design scenarios:

1. Creation of a retail-oriented and pedestrian-

friendly main street collector avenue;
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Table 6.6 Traffic Control and Operation Configurations for Multiway Boulevard Intersections

Type of Approach
Control
(Refer to Fig. 6.9)

Special Treatments or
Movement Restrictions

Conditions for Application

Two-Way Stop Intersection

e (Central roadway
uncontrolled

A o (ross-street stop
controlled

® Access lane stop
controlled

No restricted movements, or
Access lane restricted to through-right
turn only

Low-volume cross-street traffic
Moderate-volume central roadway traffic
Residential or low-intensity mixed use and
commercial areas

All-Way Stop Intersection

¢ (Central roadway stop
controlled

B o (ross-street stop
controlled

e Access lane stop
controlled

No restricted movements, or
Access lane restricted to through-right
turn only

Low cross-street traffic volume

Low to moderate central roadway traffic
volume

Residential or low-intensity mixed use and
commercial area

Two-Phase Signalized

Intersection

¢ (Central roadway

C signalized

o (ross-street signalized

e Access lane stop
controlled

Access lane through and right turns may
proceed with central roadway through
movement after stop

Central roadway right turns may be pro-
hibited

Low to moderate cross-street traffic volume
Low to moderate central roadway traffic
volume

Residential or low-intensity mixed use and
commercial area

Multi-Phase Signalized

Intersection #1

e (Central roadway
signalized

Central roadway may have protected
left-turn phasing

Access lanes restricted to through and
right-turn only

Moderate to high cross-street traffic volume
Moderate to high central roadway traffic
volume

High-intensity mixed use and commercial

signalized
e (ross-street signalized
® Access lane signalized

Access lanes have split phasing, allowing
all movements

D e (ross-street signalized Access lane proceeds during central area
® Access lane signalized roadway through movement
Cross-street has permissive turn phasing
Central roadway right-turns prohibited
Multi-Phase Signalized Central roadway may have protected Moderate to high cross-street traffic volume
Intersection #2 left-turn phasing Moderate to high central roadway traffic
£ e (Central roadway Cross-street has permissive turn phasing volume with high volume of left turns

High-intensity mixed use and commercial
area

Multi-Phase Signalized

Intersection #3

e Central roadway

F signalized

e (ross-street signalized

® Access lane stop
controlled

Access lane right turns only may proceed
after stop

Central roadway has permissive turn
phasing

Cross-street has permissive turn phasing,
and may use split phasing

Low to moderate cross-street traffic volume
Low to moderate central roadway traffic
volume

Residential or low-intensity mixed use and
commercial area
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2. Transformation of an obsolete suburban arterial
to a boulevard in a mixed use area;

3. Design of a high-capacity arterial boulevard in a
newly urbanizing area; and

4. Four- to three-lane arterial avenue conversion in
a central business district.

The design process used in the examples follows the
design stages introduced and described in Chapter
5. The design examples provide a general overview
of the process to illustrate the five stages of design.

The details of the evaluation and development of
the actual design are omitted in the four examples.

Remember Network Potential

In all cases of designing walkable urban thoroughfares,
part of the analysis will be to analyze network capabili-
ties, contexts and travel patterns to determine whether
and how much the network can accommodate some
of the study thoroughfare’s existing or projected traffic.
This may require operational or physical improvements.
However, it may lead to a more contextually desirable
improvement and more effective overall solution.
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Figure 6.9 Various traffic control and turn restriction options can be employed at multiway boulevard intersections. See

Table 6.6. Source: Kimley-Horn and Associates, Inc.
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Design Example #1:

Creating a Retail-Oriented Main Street

Objective

Convert an existing four-lane minor collector street
into a commercial-oriented street that supports an
adjacent mix of retail, restaurants and entertainment
uses on the ground floor.

Stage 1: Review or develop an area
transportation plan

Review the area transportation plan to determine
how the subject thoroughfare relates to the overall
network, types of modes served, functional classifi-
cation, existing and future operational characteristics
and so forth. Collect existing and projected data as
necessary.

Existing Street Characteristics

Existing street is a four-lane, undivided collector
street with the following characteristics (see Figures
6.10 and 6.11).

¢ Functional classification: minor collector.
* Right of way: 60 feet.

* Four through-traffic lanes plus 6-foot sidewalks
on each side.

* On-street parking: none.

* Average daily traffic (ADT): 10,000-13,000
vehicles per day (vpd).

* Speed limit: 35 mph.

* DPercent heavy vehicles: 2-3 percent.

* Intersection spacing: 600—700 feet.

* Network pattern: grid.

* Center turn lane: none.

* Transit: low-frequency local route.

* Bicycle facilities: not a designated bike route.
* No landscaping.

* Conventional street and safety lighting.

Stage 2: Understand community vision for
context and thoroughfare

Vision

An existing commercial street in a suburban (C-3)
area undergoing change to an urban center (C-5).
Empbhasizes an active street life that is to be achieved
through the mix and intensity of land uses, site and
architectural design, with an emphasis on pedestrian
facilities and on-street parking.

Stage 3: Identify compatible thoroughfare
types and context zones

Existing context is identified by assessing the charac-
ter and attributes of existing land uses such as build-
ing orientation to the street, building height, parking
orientation, mix and density of uses and so forth. Fu-
ture context is determined by interpreting the vision,
goals and objectives for the area. Thoroughfare type is
selected based on the urban thoroughfare characteris-
tics (Table 4.2 in Chapter 4).

* Existing context zone: C-3.
¢ Future context zone: C-5.

* Desired thoroughfare type: avenue.

Stage 4: Develop and test the initial
thoroughfare design

Desirable Design Elements (in prioritized order
based on vision)
* Lower target speed.

*  On-street parking.
*  Wide sidewalks.

e Street furniture and landscaping including
benches and space for cafes, public space and so

forth.
* DPedestrian-scaled lighting.
* Street trees.
* Bus stops with shelters.

* Transitions between main street and adjacent
higher-volume segments.
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* Midblock crosswalks on long block sections.

¢ Bike accommodations.

Factors to Consider/Potential Trade-Offs
* Right-of-way constrained to 60 feet.

* Maximizing parking with angled versus parallel
parking; changing to angled parking may in-
crease accidents and delays.

* Reduction in the number of through lanes and
vehicle capacity versus wider sidewalks and on-
street parking.

* Accommodation of large vehicles versus narrow-
ing lane width and smaller curb-return radii to
reduce pedestrian crossings.

* Accommodation of bicyclists versus width of
other design elements.

Possible Alternative Solutions (sce Figure 6.12)
1. Emphasize vehicular capacity by retaining exist-
ing four-lane section with 10-foot-wide travel
lanes to allow 10-foot-wide sidewalks.

2. Empbhasize parking by providing angled parking
on one side, parallel parking on the other side
and narrowing the two remaining travel lanes.

3. Emphasize parking and wider sidewalks by pro-
viding parallel parking on both sides, two travel
lanes and 12-foot-wide sidewalks.

4. Emphasize parking and vehicular capacity with
parallel parking on both sides, 9-foot-wide side-
walks, two travel lanes and a center turn lane.

In all cases use grid network to divert some traffic
from project thoroughfare so reduced number of traf-
fic lanes will suffice. This may require operational or
physical improvements to other streets. Traffic to be
diverted will depend on travel patterns, context and
design of other thoroughfares.

Compare benefits of the four alternatives. Figure 6.13
demonstrates one way of showing such a comparison.

Selected Alternative
Alternative #3:
¢  Maximizes sidewalk width;
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* DProvides moderate to good level of on-street

parking;

e Balances street width with accommodation of
larger vehicles and speed reduction;

* Allows for left-turn lanes at intersections by re-
stricting parking; and

e Provides 10-foot minimum travel lane width.

Stage 5: Develop detailed thoroughfare
design

Figure 6.14 shows a rough schematic view of how the
selected alternative might be designed.

Solution Design Features
Traveled Way:
 Target speed: 25 mph.

e Traffic signals synchronized to target speed.
* Two 10-foot travel lanes.

* Two 8-foot parallel parking lanes.

Streetside:
e 12-foot sidewalks.

* Dedestrian-scaled lighting.

* Street trees in tree wells.

* 6-foot furnishings and edge zone.

* G6-foot clear pedestrian throughway.

* No frontage zone.

Intersections:
* Curb extensions to reduce pedestrian crossing
distance unless left-turn lane is provided.

* High-visibility crosswalk markings.
* Safety lighting.
* Far-side bus stops with curb extension and shelters.

* ADA compliance.

Parallel thoroughfares (as needed):
* Directional signing.

* Operational adjustments or improvements.

* Physical improvements.
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Figure 6.10 View of existing street. Source: Kimley-Horn and Associates, Inc.
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Figure 6.11 Existing street cross section. Source: Kimley-Horn and Associates, Inc.
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Figure 6.14 Schematic plan view of Alternative #3. Source: Kimley-Horn and Associates, Inc.
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Design Example #2: Transforming a Suburban Arterial

Objective

Transform an obsolete suburban arterial into a boule-
vard serving a mixed-use commercial-oriented street
in an area evolving from a typical suburban pattern
(C-3) to a mixed environment with commercial activ-
ity and walkable development pattern (C-4).

Stage 1: Review or develop an area
transportation plan

Existing Street Characteristics (see Figures 6.15 and
6.16)
Existing street is a seven-lane undivided arterial street
with the following characteristics:

* Functional classification: principal arterial.

* Right of way: 100 feet.

* Six through-traffic lanes plus center turn lane.
* On-street parking: none.

* ADT: 32,000-40,000 vpd.

* Speed limit: 45 mph.

* Percent heavy vehicles: 4-5 percent.

* Intersection spacing: 1,250 feet.

* Network pattern: 1 mile arterial grid.

* Center turn lane: 14-foot two-way left-turn lane
(TWLTL) with turn bays at intersections

* Transit: high-frequency regional route.
* Bicycle facilities: not a designated bicycle route.

* No sidewalks (4-foot, unpaved utility easement
in right of way on both sides).

* No landscaping.

* Conventional street and safety lighting.

Stage 2: Understand community vision for
context and thoroughfare

Vision

Community supports higher-intensity, higher-value
development in an existing strip commercial corridor,
transforming the suburban character of the corridor
to general urban (C-4). Redesign of the street to cre-
ate an attractive, walkable boulevard is a public-sector

ite=

investment strategy to stimulate change. The corridor
is envisioned to support a diverse mix of pedestrian-
oriented retail, office and entertainment.

Stage 3: Identify compatible thoroughfare
types and context zones
* Existing context zone: C-3.

e Future context zone: C-4.

* Desired thoroughfare type: boulevard.

Stage 4: Develop and test the initial
thoroughfare design

Desirable Design Elements (in prioritized order
based on vision)
* Lower target speed (35 mph).

* Gradual speed transition from higher-speed seg-
ments to study segment.

* Landscaped median.

* Wide sidewalks.

* Street trees.

* Typical multimodal intersection design.

* DPedestrian facilities including benches and space
for cafes, public spaces and so forth.

* DPedestrian-scaled lighting.
* Bus stops with shelters.
* On-street parking.

* Increased crossing opportunities using consoli-
dated signalized driveways.

Factors to Consider/Potential Trade-Offs
* Reduction in the number of through lanes and
vehicle capacity versus wider sidewalks and
median.

* Accommodation of large vehicles versus narrow-
ing lane width.

* Provision of on-street parking versus median
and wider sidewalks.

* Right-of-way acquisition to accommodate desir-
able features.
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* Need to gradually reduce speed on higher-speed
segments approaching the lower-speed segment
under design.

Alternative solutions (sce Figure 6.17)
1. Provide parking, median and minimum-width
sidewalks by reducing to four travel lanes.

2. Provide wide landscaped median and sidewalks
by reducing to four travel lanes without provid-
ing on-street parking.

3. Provide all desirable features, including median,
wide sidewalks and parking, by reducing to four
travel lanes and acquiring right of way or require
private development to dedicate 7 feet.

4. Emphasize vehicular capacity and provide me-
dian and sidewalks by retaining six narrower
travel lanes without providing on-street parking.
Alternatively, the 11-foot outside lanes could be
used for curb parking during off-peak periods
and converted to travel lanes during the peak.
This alternative would not provide curb exten-
sions at intersections.

In all cases use grid network to divert some traffic
from project thoroughfare so a reduced number of
traffic lanes will suffice. This may require operational
or physical improvements to other streets. Traffic to
be diverted will depend on travel patterns, context
and design of other thoroughfares.

Compare benefits of the four alternatives. Figure 6.18
demonstrates one way of showing such a comparison.

Selected Alternative
Alternative #1:
* Near-term: Provides all desirable design features,
except that it results in narrower sidewalks than
other alternatives.

* Long-term: As corridor redevelops, right of way
can be acquired or development can be required
to provide an easement to widen sidewalks fur-
ther.

* Selected alternative provides a balance between
competing needs and provides most of the desir-
able design features without requiring right-of-
way acquisition.

Stage 5: Develop detailed thoroughfare
design

Figure 6.19 shows a schematic view of how the se-
lected alternative might be designed.

Solution Design Features
Traveled Way:
 Target speed: 35 mph.

¢ Four 11-foot travel lanes.
* Two 8-foot parallel parking lanes.

* Tree planters in parking lane to increase plant-
ing opportunity.

* Signalized intersection spacing at 400 feet at
consolidated driveways or midblock pedestrian
signals to create crossing opportunities.

Streetside:
e 12-foot sidewalks.

* DPedestrian-scaled lighting.

* Street trees in tree wells.

* G-foot furnishings zone and edge zone.
* G-foot clear pedestrian throughway.

* Throughway and frontage zone ultimately ex-
panded with redevelopment.

Intersections:
* Curb extensions to reduce pedestrian crossing
distance.

* High-visibility crosswalks.
* Safety lighting.

* Far-side bus stops within parking lanes.

Parallel thoroughfares (as needed):
* Directional signing.

* Operational adjustments or improvements.

* Physical improvements.
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Figure 6.15 View of existing street. Source: Kimley-Horn and Associates, Inc.
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Figure 6.17 Alternative street cross-sections.
Source: Kimley-Horn and Associates, Inc.
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Design Example #3: High-Capacity Thoroughfare in

Urbanizing Area

Objective

Design a thoroughfare in a newly urbanized area that
accommodates high levels of traffic and buffers adja-
cent land uses from traffic impacts.

Stage 1: Review or develop an area
transportation plan

Existing Street Characteristics (sce Figures 6.20 and
6.21)
Existing street is a five-lane undivided arterial street
with the following characteristics:

¢ Functional classification: minor arterial.

* Right of way: 90 feet.

* Four through-traffic lanes plus center turn-lane,
median.

* On-street parking: none.

* Existing ADT: 25,000-30,000 vpd.
* Projected ADT: 45,000 vpd.

* Speed limit: 40 mph.

* Dercent heavy vehicles: 4-5 percent.

* Intersection spacing: 600-700 feet, with many
driveways.

* Network pattern: Suburban curvilinear; few al-
ternative parallel routes.

* Center turn lane: TWLTL with turn bays at in-
tersections.

* Transit: moderate-frequency regional and local
routes.

* Bicycle facilities: designated bicycle route with
8-foot-wide paved shoulders on both sides.

¢ Narrow attached sidewalks (5 feet) on both sides.
* No landscaping within right of way.

* Conventional street and safety lighting.

Stage 2: Understand community vision for
context and thoroughfare

Vision

Area plans envision a mix of high-density housing, re-
tail centers and low-intensity commercial uses fronting
the street. Because the roadway accommodates high
levels of through traffic, access control is desired. The
roadway is currently a bicycle route with bicyclists us-
ing the paved shoulder, but bicycle lanes are desired to
close gaps in the bicycle system. Adjacent properties
provide off-street parking, but some fronting residen-
tial and commercial uses would benefit from on-street
parking. The area will generate pedestrians who desire
buffering from adjacent traffic. The area plan calls for
a boulevard design including an alternative for a mul-
tiway boulevard with fronting access lanes to provide
on-street parking and buffer proposed mixed use de-
velopment with ground floor retail and housing above.

Stage 3: Identify compatible thoroughfare
types and context zones

* Existing context zone: C-3.
¢ Future context zone: C-5.

* Thoroughfare type: boulevard.

Stage 4: Develop and test the initial
thoroughfare design

Desirable Design Elements (in prioritized order
based on vision)
* Lower target speed (35 mph).

* Emphasis on vehicular capacity.
* Access management with landscaped median.
* Bicycle lanes.
¢ Streetside buffered from traffic.
Street trees.
* Bus stops with shelters.

* Increased crossing opportunities at signalized
intersections.

* Pockets of on-street parking adjacent to fronting
commercial or mixed use development.

* Multiway boulevard design adjacent to mixed
use development.
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Factors to Consider/Potential Trade-Offs
¢ Effective width for streetside buffer versus width
requirements for elements in traveled way.

¢ Accommodation of wider than minimum side-
walks, particularly in commercial areas.

* Drovision of on-street parking in select segments
versus other design elements.

* Intersections spaced to optimize traffic flow ver-
sus need for increased crossing opportunities.

* Accommodation of large vehicles, particularly
turning at intersections.

* Right-of-way requirements for implementing a
multiway boulevard.

* Efficient intersection operations with multiway
boulevard.

Alternative Solutions (sce Figure 6.22)
1. Emphasize streetside buffering and provision of
bike lanes; provide minimal width median for
access control and narrower travel lanes.

2. Implement multiway boulevard with local ac-
cess streets that provide on-street parking and
shared bicycle/vehicle environment. This allows
a wider streetside area and removes bicycles
from higher-speed roadway. This configuration
requires 15 feet of right-of-way acquisition on
each side of roadway, or adjacent development
dedicates streetside and on-street parking lane.

3. Emphasize landscaped median and bicycle lanes
by narrowing streetside. Provides minimal side-
walk width and reduced buffer area.

In all cases use grid network to divert some traffic
from project thoroughfare. This may require opera-
tional or physical improvements to other streets. Traf-
fic to be diverted will depend on travel patterns, con-
text and design of other thoroughfares.

Compare benefits of the three alternatives. Figure 6.23
demonstrates one way of showing such a comparison.

Selected Alternative
Alternative #2:
* Provides desirable design features, including the
desire for a multiway boulevard.

* Is feasible to implement in newly urbanizing
area with redevelopment opportunities.

* Requires either dedication or right-of-way ac-
quisition, but could be implemented in phases.

* Requires special design of intersections to main-
tain efficient operations.

Stage 5: Develop detailed thoroughfare design

Figures 6.24 through 6.26 show a schematic view of
how the selected alternative might be designed.

Solution Design Features
Traveled Way:
* Target speed: 35 mph.

* Four, 11-foot travel lanes in central roadway.

* Darallel, 18-foot-wide local access lanes separat-
ed by 8-foot-wide landscaped medians.

* Local access roads provide shared vehicle/bicycle
lane and 9-foot travel lane.

*  Left turn lanes on central roadway at intersections.

Streetside:
e 12-foot sidewalks.

* Dedestrian-scaled lighting.

e Street trees in tree wells.

Intersections:
* Special design treatment required to accommo-
date multiple movements between central road-
way and local access lanes.

¢ Intersections widened to accommodate left-turn
lane within the central roadway.

Parallel thoroughfares (as needed):
* Directional signing.

* Operational adjustments or improvements.

* Physical improvements.
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Figure 6.20 View of existing street. Source: Kimley-Horn and Associates, Inc.
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Figure 6.21 Existing street cross-section. Source: Kimley-Horn and Associates, Inc.
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Design Example #4: Central Business District Four- to

Three-Lane Conversion

Objective

Convert an undivided four-lane arterial with parking
on one side to three lanes plus parking and bicycle
lanes on both sides in a central business district. The
purpose of the conversion is to increase on-street
parking, provide width for bicycle lanes and remove
turning traffic from through lanes.

Stage 1: Review or develop an area
transportation plan

Existing Street Characteristics (sce Figures 6.27 and
6.28)
Existing street is a four-lane undivided arterial street
with the following characteristics:

* Functional classification: minor arterial.

* Right of way: 100 feet.
* Four through-traffic lanes plus parallel parking

on one side.
* Existing ADT: 12,000-15,000 vpd.
* Projected ADT: 18,000 vpd.
* Speed limit: 30 mph.
* DPercent heavy vehicles: 2 percent.
* Intersection spacing: 400 feet.
* Network pattern: traditional downtown grid.
* Center turn lane: none.
* Transit: high-frequency regional and local routes.
* Bicycle facilities: designated bicycle route.
* 20-foot-wide sidewalks.
* Street trees in tree wells.

» Conventional street and safety lighting and pe-
destrian-scale lighting on sidewalks.

Stage 2: Understand community vision for
context and thoroughfare

Vision
The central business district is not envisioned to change
significantly in terms of its context. It will remain the

highest-intensity development in the city with a mix of
commercial uses, ground floor retail and office above.
The district has very high levels of pedestrian and transit
use; however, new high-rise residential development is
increasing the downtown population. There is contin-
ued demand for on-street parking and an anticipated
increase in pedestrian and bicycle travel as new residents
increase 24-hour activities. The city has been imple-
menting its bicycle plan over time by adding bicycle
lanes to many of the arterial streets. The traffic engineer-
ing department continues to look for opportunities to
improve intersection operations and pedestrian safety
by adding left-turn bays, curb extensions and protected-
only left-turn signal phasing.

Stage 3: Identify compatible thoroughfare
types and context zones

* Existing context zone: C-6.
¢ Future context zone: C-6.

* Thoroughfare type: avenue.

Stage 4: Develop and test the initial
thoroughfare design

Desirable Design Elements
* Lower target speed (25 mph).

* Empbhasis on pedestrian safety.

Figure 6.27 View of existing street. Source: Kimley-Horn
and Associates, Inc.
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* Improved operations at intersections.

* Bicycle lanes as part of city’s master bicycle plan.
* Retention of wide sidewalks.

* Street trees.

* Far-side bus stops with shelters.

* Maximization of on-street parking.

* Reduced crossing width.

Factors to Consider/Potential Trade-Offs
* Vehicular capacity versus width required for all
desirable elements.

* Efficiency/safety benefits of turn lanes and pro-
tected-only left-turn signal phasing versus four
travel lanes.

* Provision of on-street parking in select segments
versus other design elements.

* Accommodation of large vehicles, particularly
turning at intersections, versus curb extensions
and reduced crossing width.

* Ability to bypass double-parked vehicles and
emergency vehicle access versus reduced num-
ber of lanes.

* Effective turning radius with addition of bicycle
lanes.

* Addition of bicycle lanes on major transit route
and conflicts with stopped buses.

Alternative Solution (see Figure 6.29)
Only one alternative design is considered in this de-
sign example:

1. Reduce number of through lanes to one in each
direction; add an alternating center turn lane,
on-street parking and bicycle lanes on both
sides. Implement curb extensions at intersec-
tions. Retain existing streetside width.

In all cases the existing grid network may need to
divert some traffic from project thoroughfare so a
reduced number of traffic lanes will suffice. Traffic
diversion could require operational or physical im-
provements to other streets.

Compare benefits of the existing and alternative con-
ditions. Figure 6.30 demonstrates one way of show-
ing such a comparison.

Selected Alternative
Alternative #1:
* Projected traffic volumes can be accommodated
with two lanes, and added turning lane improves
intersection operations.

* Substantial parking supply added.

* Addition of bicycle lanes on both sides of the
roadway closes gaps in the bicycle network and
improves safety.

* Curb extensions and protected-only left-turn
signal phasing provide substantial pedestrian
benefit by reducing crossing distance, improv-
ing visibility and eliminating left-turn conflicts.

Stage 5: Develop detailed thoroughfare design

Figure 6.31 shows a rough schematic view of how the
selected alternative might be designed.

Solution Design Features
Traveled Way:
* Target speed: 25 mph.

* Two 11-foot travel lanes and 12-foot alternating
center turn lane.

* Combined 13-foot-wide parking/bike lanes on
both sides.

Streetside:
* Retain existing 20-foot streetsides, pedestrian-
scaled lighting and street trees in tree wells.

Intersections:
* Curb extensions and protected-only left-turn
signal phasing.

Parallel thoroughfares (as needed):
* Directional signing.

* Operational adjustments or improvements.

* Physical improvements.

Chapter 6: Thoroughfare Designs for Walkable Urban Areas 101



T
S Travel Travel Parking gy
20" 13" 12 12 13" 10' 20!
100'
Existing Cross Section
Figure 6.28 Existing street cross-section. Source: Kimley-Horn and Associates, Inc.
- A
1
Parking/ Turn Parking/
/W Bike Travel © Travel Bike S/w
20" S'J‘ 'Ll 1—=—]2"—] ]'i '-L — 20"
100'
Alternative #1

Figure 6.29 Alternative street cross-section. Source: Kimley-Horn and Associates, Inc.

102 Designing Walkable Urban Thoroughfares: A Context Sensitive Approach




Relative Comparison of Trade-Offs

& + &
§ & 3 & -#f :.?
¢§’ Ey & 5 é-.r & ¥

..5:'% éf @ = §. ﬁf‘h" wé‘ 'g:

L L3 # éfg ¥ & & Qd‘?
Alternative @~ & (& ~ qQ . g

Existing + ++ + + + e e s

1 + + + + = + + + + + + + + +

score (relative to other alternatives)
+ + (Good (achieves objectives)
+ Fair
- Poor

- =  Fails to meetfachieve objectives

Figure 6.30 Relative comparison of alternative trade-offs. Source: Kimley-Horn and Associates, Inc.

ite=

Chapter 6: Thoroughfare Designs for Walkable Urban Areas

103



20" S'AF'TI 12 12 1 1‘<-r‘T8' 20"

.|
!

= (E )
J
(L f,'| l-.\u\_
"“‘\.\ =
(r I
1l 0 L ——
N = S
. F

I8 - 4 Fl_ _ /)J
Pl M P
LI, gD
=l (
A \ N
4 L

Figure 6.31 Schematic plan view of Alternative #1. Source: Kimley-Horn and Associates, Inc.

104 Designing Walkable Urban Thoroughfares: A Context Sensitive Approach



Works Cited

Jacobs, Allan. Great Streets. MIT Press. 1993.

Sources of Additional Information

Jacobs, A., Macdonald, E. and Rof¢, Y. 2002. The
Boulevard Book: History, Evolution, Design of Multi-
Way Boulevards. Cambridge, MA: MIT Press.

Jacobs, A., Macdonald, E. and Rof¢, Y. 1995. “Multi-
ple Roadway Boulevards: Case Studies, Designs, De-
sign Guidelines.” Working Paper No. 652. Berkeley,
CA: University of California, Berkeley—Institute of
Urban and Regional Development.

MacDonald, Elizabeth. “Building a Boulevard.”
Access, issue number 28. Spring 2006.

Rosales, Jennifer. Road Diet Handbook: Setting Trends
for Livable Streers. PB 2004. William Barclay Parsons
Fellowship, Monograph 20, Second Edition, 2007.

Main Streets: Flexibility in Design and Operations. State
Guidelines and Standards California Department of
Transportation. Accesible via www.dot.ca.gov/hg/

oppd/guidance.htm.

When Main Street is a State Highway: A Handbook for
Communities and Designers. Maryland Department of
Transportation, State Highway Administration. Ac-
cesible via www.sha.state.md.us/ohd/mainstreet.htm.

Oregon Department of Transportation. 1999. Main
Street... When a Highway Runs Through It: A Hand-
book for Oregon Communities. Portland, OR: Oregon
Department of Transportation.

Chapter 6: Thoroughfare Designs for Walkable Urban Areas

105






Design Controls

Purpose

This chapter discusses the fundamental design con-
trols that govern urban thoroughfare design. This
chapter is a prelude to the following chapters that
present detailed design guidance for the streetside,
traveled way and intersections. This chapter identi-
fies the consistencies and divergences between design
controls used where capacity is the dominant consid-
eration and where walkability and the character of the
thoroughfare is the dominant consideration.

Objectives

This chapter:
1. Defines the term “design controls” and identifies
the controls used in the conventional design

process;

2. Identifies design controls used in the CSS
process and explains how they differ from
conventional practice;

3. Discusses the concept of a “target speed” for
selecting design criteria;

4. Identifies factors that can be used in thorough-
fare design to influence speed;

5. Discusses the concept of a “control vehicle”
in combination with a design vehicle to select
intersection design criteria; and

6. Provides an overview of the design controls
recommended.

Introduction

Controls are physical and operational characteristics
that guide the selection of criteria in the design of
thoroughfares. Some design controls are fixed—such
as terrain, climate and certain driver-performance
characteristics—but most controls can be influenced
in some way through design and are determined by
the designer.

Chapter

The American Association of State Highway and
Transportation Officials (AASHTO) Green Book and
its supplemental publication, A Guide for Achieving
Flexibility in Highway Design (2004b), identify loca-
tion as a design control and establish different design
criteria for rural and urban settings. AASHTO rec-
ognizes the influence context has on driver charac-
teristics and performance. The Green Book defines
the environment as “the totality of humankind’s sur-
roundings: social, physical, natural and synthetic”
and states that full consideration to environmental
factors should be used in the selection of design con-
trols. This report focuses on design controls and criti-
cal design elements in the urban context.

Design Controls Defined by AASHTO

AASHTO guidelines identify functional classification
and design speed as primary factors in determining
highway design criteria. The Green Book separates its
design criteria by both functional classification and
context—rural and urban. The primary differences
between contexts are the speed at which the facilities
operate, the mix and characteristics of the users and
the constraints of the surrounding context.

In addition to functional classification, speed and
context, AASHTO presents other design controls and
criteria that form the basis of its recommended design
guidance. The basic controls are:

* Design vehicle;

* Vehicle performance (acceleration and decelera-
tion);

* Diriver performance (age, reaction time, driving
task, guidance and so forth);

o Traffic characteristics (volume and composi-
tion);

* Capacity and vehicular level of service;

* Access control and management;

* DPedestrians and bicyclists; and

o Safety.
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AASHTO’s Green Book presents the pedestrian
needs as a factor in highway design and recognizes
the pedestrian as the “lifeblood of our urban areas.”
Pedestrian characteristics that serve as design con-
trols include walking speed, walkway capacity and
the needs of persons with disabilities. AASHTO’s
Guide for the Planning, Design and Operation of Pe-
destrian Facilities (2004c) and Guide for the Develop-
ment of Bicycle Facilities (1999) expand significantly
on the Green Book, presenting factors, criteria and
design controls. This report emphasizes pedestrians
and bicyclists as a design control in all contexts but
particularly in the walkable, mixed-use environ-
ments primarily addressed.

Differences from
Conventional Practice

This report presents design guidance that is gen-
erally consistent with the AASHTO Green Book,
AASHTO?’s supplemental publications and conven-
tional engineering practice. There are, however, four
design controls in the application of CSS principles
that are used differently than in the conventional de-
sign process. These controls are:

* Speed;
e Location;
* Design vehicle; and

¢ Functional classification.

Speed

The most influential design control, and the design
control that provides significant flexibility in urban
areas, is speed. Thoroughfare design should be based

on target speed.

Target speed is the highest speed at which vehicles
should operate on a thoroughfare in a specific con-
text, consistent with the level of multimodal activ-
ity generated by adjacent land uses to provide both
mobility for motor vehicles and a safe environment
for pedestrians and bicyclists. The target speed is de-
signed to become the posted speed limit. In some ju-
risdictions, the speed limit must be established based
on measured speeds. In these cases, it is important
for the design of the thoroughfare to encourage the

desired operating speed to ensure actual speeds will
match the target speed.

Conventionally, design speed—the primary design
control in the AASHTO Green Book—has been en-
couraged to be as high as is practical. In this report,
design speed is replaced with target speed, which is
based on the functional classification, thoroughfare
type and context, including whether the ground
floor land uses fronting the street are predominantly
residential or commercial. Target speed then be-
comes the primary control for determining the fol-
lowing geometric design values:
* Minimum intersection sight distance;

* Minimum sight distance on horizontal and
vertical curves; and

e Horizontal and vertical curvature.

Target speed ranges from 25 to 35 mph for the pri-
mary thoroughfare types described in this report.
A lower target speed is a key characteristic of thor-
oughfares in walkable, mixed use, traditional urban
areas.

Design Factors that Influence
Target Speed

Establishing a target speed that is artificially low
relative to the design of the roadway will only result
in operating speeds that are higher than desirable
and difficult to enforce. Consistent with AASHTO,
this report urges sound judgment in the selection of
an appropriate target speed based on a number of
factors and reasonable driver expectations. Factors
in urban areas include transition from higher- to
lower-speed roadways, terrain, intersection spacing,
frequency of access to adjacent land, type of road-
way median, presence of curb parking and level of
pedestrian activity. AASHTO’s A Guide for Achiev-
ing Flexibility in Highway Design (2004c) aptly sum-
marizes the selection of speed in urban areas:

“Context-sensitive solutions for the urban environ-
ment often involve creating a safe roadway envi-
ronment in which the driver is encouraged by the
roadways features and the surrounding area ro op-
erate at lower speeds.”
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Urban thoroughfare design for walkable communi-
ties should start with the selection of a target speed.
The target speed should be applied to those geometric
design elements where speed is critical to safety, such
as horizontal and vertical curvature and intersection
sight distance. The target speed is not set arbitrarily
but rather is achieved through a combination of mea-
sures that include the following:

* Setting signal timing for moderate progressive

speeds from intersection to intersection;

* Using narrower travel lanes that cause motorists
to naturally slow their speeds;

* Using physical measures such as curb extensions
and medians to narrow the traveled way;

* Using design elements such as on-street parking
to create side friction;

¢ Minimal or no horizontal offset between the in-
side travel lane and median curbs;

* Eliminating superelevation;

* Eliminating shoulders in urban applications, ex-
cept for bicycle lanes;

e Smaller curb-return radii at intersections and
elimination or reconfiguration of high-speed
channelized right turns;

* Paving materials with texture (e.g., crosswalks,
intersection operating areas) detectable by driv-
ers as a notification of the possible presence of
pedestrians; and

* Proper use of speed limit, warning, advisory
signs and other appropriate devices to gradually
transition speeds when approaching and travel-
ing through a walkable area.

Other factors widely believed to influence speed
include a canopy of street trees, the enclosure of a
thoroughfare formed by the proximity of a wall of
buildings, the striping of edge lines or bicycle lanes,
or parking lanes. These are all elements of walkable,
mixed-use urban areas but should not be relied upon
as speed-reduction measures until further research
provides a definitive answer.

The practitioner should be careful not to relate speed
to capacity in urban areas, avoiding the perception that
a high-capacity street requires a higher target speed.
Under interrupted flow conditions, such as on thor-

oughfares in urban areas, intersection operations and
delay have a greater influence on capacity than speed.

The Highway Capacity Manual (TRB 2000) classifies
urban streets (Class I through IV) based on a range
of free-flow speeds. The thoroughfares upon which
this report focuses have desired operating speeds in
the range of 25 to 35 mph (Class III and IV based on
the Highway Capacity Manual). Level of service C or
better is designated by average travel speeds ranging
from 10 to 30 mph. Therefore, adequate service levels
can be maintained in urban areas with lower operat-
ing speeds. Capacity issues should be addressed with
highly connected networks; sound traffic operations
management, such as coordinated signal timing; im-
proved access management; removal of unwarranted
signals; and the accommodation of turning traffic at
intersections.

Location

Conventional thoroughfare design is controlled by
location to the extent that it is rural or urban (some-
times suburban). This report broadens the choices for
context using the urban transect, ranging from sub-
urban to high-density urban cores. Additionally, the
variation in design elements controlled by location
is expanded to include predominant ground floor
uses such as residential or commercial. Land uses
govern the level of activity, which in turn influences
the design of the thoroughfare. These influences in-
clude, but are not limited to, pedestrians and bicy-
clists, transit, economic activity of adjacent uses and
right-of-way constraints. The CSS approach may also
consider planned land uses that represent a departure
from existing development patterns and special de-
sign districts that seek to protect scenic, environmen-
tal, historic, cultural, or other resources.

Design Vehicle

The design vehicle influences the selection of design
criteria such as lane width and curb-return radii.
Some practitioners will conservatively select the larg-
est design vehicle (WB 50 to WB 67) that could use a
thoroughfare, regardless of the frequency. Consistent
with AASHTO, CSS emphasizes an analytical ap-
proach in the selection of a design vehicle, including
evaluation of the trade-offs involved in selecting one
design vehicle over another.
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In urban areas it is not always practical or desirable to
choose the largest design vehicle that might occasion-
ally use the facility, because the impacts to pedestrian
crossing distances, speed of turning vehicles and so
forth may be inconsistent with the community vi-
sion and goals and objectives for the thoroughfare. In
contrast, selection of a smaller design vehicle in the
design of a facility regularly used by large vehicles can
invite frequent operational problems. The practitio-
ner should select the design vehicle that will use the
facility with considerable frequency (for example, bus
on bus routes, semi-tractor trailer on primary freight
routes or accessing loading docks and so forth). Two
types of vehicle are recommended:

* Design vehicle—must be regularly accommo-
dated without encroachment into the opposing
traffic lanes. A condition that uses the design ve-
hicle concept arises when large vehicles regularly
turn at an intersection with high volumes of op-
posing traffic (such as a bus route).

* Control vehicle—infrequent use of a facility
must be accommodated, but encroachment into
the opposing traffic lanes, multiple-point turns,
or minor encroachment into the streetside is ac-
ceptable. A condition that uses the control vehi-
cle concept arises when occasional large vehicles
turn at an intersection with low opposing traffic
volumes (such as a moving van in a residential
neighborhood or once-per-week delivery at a
business) or when large vehicles rarely turn at
an intersection with moderate to high opposing
traffic volumes (such as emergency vehicles).

In general, the practitioner should obtain classification
counts to determine the mix of traffic and frequency
of large vehicles and should estimate how this mix will
change as context changes and keep consistent with the
community’s long-range vision. If there are no specific
expectations, the practitioner may consider the use of a
single-unit truck as an appropriate design vehicle.

Although state highways have traditionally served
through and heavy/large vehicle traffic, modern
thoroughfare system planning tries to accommodate
movements where they are best handled from a net-
work and context consideration. Large, heavy and
unusually demanding vehicles need to be accommo-
dated with reasonable convenience. However, in some

Multimodal Level of Service Measures

A fundamental goal of CSS is to effectively serve all
modes of travel. Although good network planning,
access management and innovative street designs
can provide significant vehicle capacity while accom-
modating bicycles and pedestrians, trade-offs among
modes can be an issue. Evaluating these trade-offs
has historically been hampered by the fact that per-
formance measures were developed primarily to
measure vehicle movement. However, the traditional
Highway Capacity Manual level of service framework
has been adapted to evaluate performance from a
transit, pedestrian and bicycle perspective.

These multimodal performance measures focus as
much on the quality and convenience of facilities as
they do on movement and flow. For example, the ad-
equacy of pedestrian facilities is not determined by
how crowded a sidewalk is but by the perception of
comfort and safety. For transit services, frequency is
an important attribute, but “on-time performance”
and the pedestrian environment surrounding bus and
rail stations are also critical aspects of the traveler ex-
perience. Below are examples of multimodal perfor-
mance measures.

Bicycle Level of Service Measures
o  Effective width of the outside through lane
e Traffic volumes
e Traffic speeds

e  Truck volumes

Pedestrian Level of Service Measures
e  Existence of a sidewalk

e Lateral separation of pedestrians from motor-
ized vehicles

e  Motorized vehicle traffic volumes
e Motorized vehicle speeds
For more information on multimodal level of ser-

vice, see References for Further Reading at the end
of this chapter.

110 Designing Walkable Urban Thoroughfares: A Context Sensitive Approach



cases, routes other than state highways may be more
appropriate or more easily accommodating. Any such
diversions from state routes need to be clearly marked.

Chapter 10 (Intersection Design Guidelines) pro-
vides further guidance on the design of intersections
to accommodate large vehicles.

Functional Classification

Functional classification describes a thoroughfare’s
theoretical function and role in the network, as well
as governs the selection of certain design parameters,
although the actual function is often quite different.
As discussed in Chapter 4, functional class may in-
fluence some aspects of the thoroughfare such as its
continuity through an area, trip purposes and lengths
of trips accommodated, level of land access it serves,
type of freight service and types of public transit
served. These functions are important factors to con-
sider in the design of the thoroughfare, but the physi-
cal design of the thoroughfare in CSS is determined
by the thoroughfare type designation (as introduced
in Chapter 4 and further discussed in Chapter 6).

The Role of Capacity and Vehicular Level of
Service in CSS

The conventional design process uses traffic projec-
tions for a 20-year design period and strives to pro-
vide the highest practical vehicular level of service.
CSS takes traffic projections and level of service into
account and then balances the needs of all users or
emphasizes one user over another depending on the
context and circumstances (for example, reduces
number of mixed-flow travel lanes to accommodate
bicycle lanes or an exclusive busway). While capacity
and vehicular level of service play a role in selecting
design criteria, they are only two of many factors the
practitioner considers and prioritizes in the design of
urban thoroughfares. Often in urban areas, thorough-
fare capacity is a lower priority than other factors such
as economic development or historical preservation,
and higher levels of congestion are considered accept-
able. The priority of level of service is a community
objective; however, variance from the responsible
agency’s adopted performance standards will require
concurrence from that agency. CSS also considers
network capacity in determining the necessary capac-

ity of the individual thoroughfare (see Chapter 3).

Thoroughfare Speed Management

Under the conventional design process, many arte-
rial thoroughfares have been designed for high speeds
and traffic volumes. As the context of these thorough-
fares change over time, such as to walkable compact
mixed-use areas, the speed encouraged by the design
becomes a matter of concern. Further, municipalities
establishing speed limits based on the measured 85th
percentile speed are finding they are required to estab-
lish higher speed limits than the community desires
for the area. In these cases, traffic engineers are tasked
with identifying methods to reduce arterial speeds.
This section identifies research and the practical ex-
perience of agencies in managing arterial speeds.

It is popularly held that higher operating speeds result
in higher crash rates and higher severity of crashes.
Research on the effect of actual operating speed on
crash rate is inconclusive (TRB 1998). However, re-
search does show that higher operating speeds do re-
sult in higher crash severity—higher percentages of
injury and fatality crashes and more serious property
damage. Hence, lower vehicular traffic speeds will be
beneficial when collisions occur with other vehicles
or pedestrians.

Speed management is an approach to controlling
speeds using enforcement, design and technology ap-
plications. While “trafhic calming” is a type of speed
management usually used on local residential streets,
speed management can be used on all types of thor-
oughfares. Speed management methods can use tech-
nologies that provide feedback to the motorist about
their speed, or designs in which the motorist perceives
the need for a lower speed. These techniques include
signage, signalization, enforcement, street designs
and built environments that encourage slower speeds.
Other methods include physical devices that force
drivers to slow down, such as roundabouts, raised
intersections, or narrowed sections created by curb
extensions and raised medians. Physical devices are
generally more effective at changing driver behavior
but may be more costly to implement and may not be
appropriate on all thoroughfares.

Speed management is often a multidisciplinary deci-

sion because it requires input from emergency ser-
vices, engineering, street maintenance departments,
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law enforcement and transit service providers. The
process of implementing a speed management pro-
gram benefits from public involvement to under-
stand how the community uses thoroughfares and
how it perceives various speed management meth-
ods. Bicycle and pedestrian advocacy groups should
also be involved in the process. Effective speed
management requires knowledge of the existing
traffic patterns, both quantitative and qualitative.
Quantitative measures of traffic counts, intersection
turn movements and speeds help to determine the
existing condition and the need. Qualitative infor-
mation, often gathered from the public or through
observation, can explain behavioral issues. Imple-
mentation of speed management should be exam-
ined along corridors and across jurisdictions. It is
important for a corridor to have a consistent speed
through different jurisdictions if the character and
context also remain constant.

The following is a list of speed management techniques
or measures commonly used in the United States on
thoroughfares designated as arterials or collectors:'

Active Measures

* Roundabouts, particularly when used within a
“roundabout corridor.”

* Road diets (reducing the number of lanes by
adding medians, converting travel lanes to park-

ing, or adding bike lanes).

* Lateral shifts or narrowing (curb extensions with
a center island or other techniques that require
vehicles to move out of a straight path or create
neckdowns).

* Smaller curb-return radii to slow turning vehi-
cles and the elimination of free-flow channelized
right-turn lanes.

* Provision of on-street parking where adjacent
land uses and activities will generate demand.

1 Based on interviews with public agencies and experts in the
field of speed management. Source: “Best Practices in Arterial
Speed Management,” prepared for the City of Pasadena. Kim-
ley-Horn and Associates, Inc, and I7E Journal article “Com-
plete Streets: We Can Get There From Here,” LaPlante, J. and
McCann, B., May 2008.

* Speed humps and speed tables (not widely used
on arterials and lack support of emergency ser-
vice providers).

* Speed cushions or speed platforms (less impact
on emergency vehicles than hump and tables).

¢ Narrowed travel lanes.

¢ Raised crosswalks combined with curb exten-
sions to narrow street.

* Speed actuated traffic signals where a vehicle
traveling at excessive speeds will trigger the
signal to change to red.

Passive Measures

* Synchronized signals to create progression at
an appropriate speed.

* Radar trailers/speed feedback signs flashing
“SLOW DOWN?” message when speed ex-
ceeds a preset limit (most effective when cou-
pled with enforcement).

* Visually narrowing road using pavement
markings.

* Visually enclosing street with buildings, land-
scaping and street trees.

* Variable speed limits (using changeable mes-
sage signs based on conditions).

* Speed enforcement corridors combined with
public education.

* Flashing beacons on intersection approaches
to slow traffic through the intersection.

* Speed limit markings on pavement.

¢ Mountable cobblestone medians or flush con-
crete bands delineating travel lanes for visual
narrowing

* Shared streets using signs and pavement mark-
ings (such as bicycle boulevards).

* Automated speed enforcement (including
red-light enforcement).

Additional Controls to Consider in
Thoroughfare Design

In addition to the design controls discussed previously,
other critical design controls in the conventional de-
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sign process remain applicable in the application of
CSS principles. Design controls related to roadway ge-
ometry—sight distance, horizontal and vertical align-
ment and access control—continue to be based on
conventional design practices.

Pedestrian and Bicyclist Requirements as
Design Controls

Pedestrian and bicyclist requirements affect the utili-
zation of a thoroughfare’s right of way. Thoroughfares
with existing or desired high levels of pedestrian and
bicycle usage require appropriate streetside and bicycle
facilities to be included in transportation projects. This
requirement usually affects the design elements in the
traveled way. Therefore, pedestrian and bicycle require-
ments function as design controls that influence deci-
sions for the utilization and prioritization of the right
of way. For example, requirements for bicycle lanes
might outweigh the need for additional travel lanes or
a median, resulting in a design that reduces the vehicu-
lar design elements to provide bicycle design elements.
The design of walkable urban thoroughfares empha-
sizes allocating right of way appropriately to all modes
depending on priority and as defined by the surround-
ing context and community objectives. This process
results in a well thought out and rationalized design
trade-off—the fundamental basis of context sensitive
solutions.

Sight Distance

Sight distance is the distance that a driver can see ahead
in order to observe and successfully react to a hazard,
obstruction, decision point, or maneuver. Adequate
sight lines remain a fundamental requirement in the
design of walkable urban thoroughfares. The criteria
presented in the AASHTO Green Book for stopping
and signalized stop- and yield-controlled intersection
sight distances based on the target speeds described
above should be used in urban thoroughfare design.

Horizontal and Vertical Alignment

The design of horizontal and vertical curves is a con-
trolling feature of a thoroughfare’s design. The criteria
for curvature is affected by speed and is dependent
on the target speed. For urban thoroughfares, careful
consideration must be given to the design of align-
ments to balance safe vehicular travel with a reason-

able operating speed. The AASHTO Green Book

ite=

provides guidance on the design of horizontal and
vertical alignments for urban streets.

Access Management

Access management is defined as the management of
the interference with through traffic caused by traffic
entering, leaving and crossing thoroughfares. Access
management can be a regulatory, policy, or design
tool. Access management on urban thoroughfares
controls geometric design by establishing criteria
for raised medians and median breaks, intersection
and driveway spacing, and vehicle movement restric-
tions through various channelization methods. The
AASHTO Green Book and the Transportation Re-
search Board’s Access Management Manual (2003)
provide extensive guidance on this subject. Chapter 9
(Traveled Way Design Guidelines) provides an overview
of access management methods and general guidelines
for managing access on urban thoroughfares.
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Purpose

This chapter provides principles and guidance for the
design of a thoroughfare’s streetside and the specific
elements that comprise the streetside. It addresses
how the design of the streetside varies with changes
in context. The guidance in this chapter is used in
conjunction with the guidance for the other two thor-
oughfare components—the traveled way (Chapter 9)
and intersections (Chapter 10).

Objectives

This chapter:
1. Defines and discusses four distinct zones that
comprise the streetside: edge, furnishings,
throughway and frontage;

2. Describes the uses and activities that are typically
accommodated within the streetside in urban ar-
eas;

3. Describes fundamental design principles of the
streetside as they relate to intersection sight dis-
tance, speed and clear zones and lateral clearance;

4. Describes the role and placement of streetside
facilities, public spaces and public art; and

5. Provides principles, considerations and design
guidance for streetside width and functional re-
quirements.

Introduction

The streetside is the portion of the thoroughfare that
accommodates nonvehicular activity—walking as well
as the business and social activities—of the street. It ex-
tends from the face of the buildings or edge of the pri-
vate property to the face of the curb. A well-designed
streetside is important to the thoroughfare’s function
as a “public place.” Thoroughfares are the most exten-
sively used civic spaces or in our communities.

Streetside Zones and Buffering

This chapter addresses the design of sidewalks
and the buffers between sidewalks, moving traffic,
parking and/or other traveled-way elements. The
streetside consists of the following four distinct
functional zones:

1. Edge zone—the area between the face of curb
and the furnishing zone that provides the mini-
mum necessary separation between objects and
activities in the streetside and vehicles in the
traveled way;

2. Furnishings zone—the area of the streetside that
provides a buffer between pedestrians and ve-
hicles, which contains landscaping, public street
furniture, transit stops, public signage, utilities
and so forth;

3. Throughway zone—the walking zone that must
remain clear, both horizontally and vertically,
for the movement of pedestrians. The Ameri-
cans with Disabilities Act (ADA) establishes a
minimum width for the throughway zone; and

4. Frontage zone—the distance between the
throughway and the building front or private
property line that is used to buffer pedestrians
from window shoppers, appurtenances and
doorways. It contains private street furniture,
private signage, merchandise displays and so
forth and can also be used for street cafes. This
zone is sometimes referred to as the “shy” zone.

Figure 8.1 illustrates the four zones using the ex-
ample of a streetside in a commercial area. Guidance
is provided for each of these zones, with the width
varying in relation to thoroughfare type and function,
context zone and specific land use characteristics.

Urban Design Elements

The streetside can contain a variety of urban design
elements, ranging from large-scale elements such as
plazas, seating areas, transit stops and other public
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Figure 8.1 Streetside zones. Source: Concept by
Community, Design + Architecture, illustration by Digital
Media Productions.

spaces to the details of street furniture, street trees,
public art and materials used for constructing side-
walks, walls and so forth.

Technical Considerations

There is a broad range of technical and engineering
considerations that need to be coordinated with the
design of the streetside, including the requirements
of Americans with Disabilities Act Accessibility Guide-
lines (ADAAG) and Public Rights-of-Way Accessibil-
ity Guidelines (PROWAG) (www.access-board.gov/),
need for utilities (including lighting for both the
traveled way and streetside), provision of signage for
traffic and pedestrians and evaluation of multimodal
accessibility. This chapter provides guidance for how
these technical issues can be addressed in coordina-
tion with the other elements of urban thoroughfares.

The Urban Streetside:
Uses and Activities

The basic functions of the streetside in any context
are the accommodation of pedestrians, access to ad-
joining buildings and properties and the provision of
clear zones and space for utilities and other streetside
appurtenances. In urban contexts these basic func-
tions are shared with the activities generated by the

adjacent land use and general civic functions, which
can include aesthetics (such as street trees and public
art), sidewalk cafes, plazas and seating areas, transit
amenities (such as benches, shelters, trash receptacles
and waiting areas), merchandise display and occa-
sional public activities (such as farmers’ markets or
art shows).

Streetside functions vary by context zone and pre-
dominant ground floor land use. The width of cer-
tain elements of the streetside (for example, the fur-
nishings zone functions as a traffic buffer) will vary
by thoroughfare type depending on the existence or
lack of on-street parking and the speed and volume
of vehicular traffic on the thoroughfare. Variations in
the width of the streetside are addressed in the design
guidelines in the section on streetside width and func-
tional requirements.

Design Principles

Safety

When designing the streetside, the practitioner
is concerned about the safety of all users of the
thoroughfare. Streetside safety concerns in urban
contexts are different than those in rural contexts,
where speeds are higher and most travel is by ve-
hicle. In designing the streetside for traditional
walkable urban areas, the practitioner is concerned
about the safety of a wider range of users, includ-
ing pedestrians on the sidewalk, motorists, motor-
cyclists and bicyclists using the traveled way. The
practitioner should consider the context of the
thoroughfare, including competing demands with-
in limited right of way and time when the space
may be needed.

Streetside safety in urban areas is achieved by separat-
ing modes of different speeds and vulnerabilities to
the extent possible by both space and time (bicyclists
from pedestrians and pedestrians from vehicles), in-
forming all users of the presence and mix of travel
modes and through provision of adequate sight dis-
tance. The difficulty for the practitioner lies in de-
veloping solutions to resolve the inherent conflicts
where modes of travel cross paths. Design guidelines
for improving pedestrian safety at intersections are

discussed in Chapter 10.
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Streetside safety for the users of the traveled way in
traditional urban areas focuses on meeting user ex-
pectations, providing uniform and predictable de-
signs and traffic control, removing clearly hazardous
streetside obstacles and establishing an appropriate
target speed, which in turn controls the speed-related
geometric design elements of the thoroughfare. The
practitioner should be familiar with the concepts and
guidance provided in AASHTO’s Roadside Design
Guide (2002).

Relationship of Speed to Streetside Design

A person’s decision to walk is influenced by many
factors, including distance, perceived safety and
comfort, convenience and visual interest of the route
(AASHTO 2004b). In the streetside, pedestrians feel
exposed and vulnerable when walking directly adja-
cent to a high-speed travel lane. Vehicle noise, exhaust
and the sensation of passing vehicles reduce pedes-
trian comfort. Factors that improve pedestrian com-
fort include a separation from moving traffic and a
reduction in speed. In walkable urban environments,
a buffer zone that improves pedestrian comfort can be
achieved with the width of the edge and furnishings

zones, landscaping and on-street parking.

Clear Zones

The application of a clear zone is most critical on
high-speed roadways and is usually not implemented
on low-speed urban thoroughfares with right-of-way
constraints. In many cases the hazard of streetside ob-
stacles is substantially less in urban areas because of
lower speeds or parked vehicles.

Public Space

Civic and community functions on the streetside
may require additional space to complement ad-
jacent civic or retail land uses or to accommodate
the high pedestrian flows of adjacent uses or transit
facilities. Public spaces in the streetside are often
used for these functions and are an important com-
plement to the thoroughfare as a public place. Pub-
lic spaces include public plazas, squares, outdoor
dining, transit stops and open spaces. Transit stops
and some plazas are generally within the streetside.
Design considerations should account for the con-
text of the public space within the thoroughfare
and the surrounding land use context. Public spaces

should be designed to serve functions that enhance
the surrounding context, such as public gatherings,
special events, farmers’ markets, quiet contempla-
tion, lunch time breaks and so forth (Figure 8.2).
General principles for the design of public spaces
include the following:

* DPublic spaces in private property adjacent to the
streetside should be visible and accessible from
the streetside. These public spaces can accom-
modate higher levels of pedestrian activity at en-
tries to major buildings or retail centers.

* Dublic spaces in the streetside should not im-
pede the circulation of pedestrians and should
provide appropriate features such as seating and
lighting to make them attractive and functional
places for people to use.

* 'The streetside and public space design should
integrate the functions of both in a compatible
and mutually supportive maneuver. Functions
should interconnect by design.

* Special paving and materials may be used to
unify the look of the sidewalk, parking lane and

crosswalks.

* There should be a continuity of design in ad-
jacent streetside and public spaces. This may
include paving, lighting, landscape plants and
materials and other features.

* Street trees, light fixtures, public art and other
elements with a unified design can be used to
highlight a segment of a thoroughfare that is
specifically designed to function as a public
gathering place.

Placement of Streetside Facilities

Following the division of the streetside into edge,
furnishings, throughway and frontage zones, the
placement of streetside facilities (such as kiosks and
retail stands, trash receptacles, water fountains, re-
strooms, public art and small ancillary structures)
should occur in the furnishings and frontage zones
as well as in curb extensions. In no case should the
placement of features reduce the width of the clear
pedestrian throughway to less than 5 feet or reduce
vertical clearance below 80 inches. All placements
should be compliant with the most recent U.S.
Access Board and PROWAG requirements and
FHWA PROWAAC guidelines: Special Report: Ac-
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Figure 8.2 Public space adjacent to the pedestrian realm should relate to the activities on the thoroughfare. Source:
Kimley-Horn and Associates, Inc.

cessible Public Rights-of-Way: Planning and Design-
ing for Alterations.

Other considerations regarding streetside facilities are
as follows:

1.

118

Place facilities in locations where their use
will produce pedestrian activity levels simi-
lar to a main street or where an activity focus
is desired. Features such as public art should
be located in highly visible areas, including
the center islands of low-speed roundabouts
(ensuring sight triangles are maintained and
placement does not constitute a streetside

hazard).

. Select the type, design and materials of street-

side facilities to reflect the local character of
the context and streetside. This will maximize
the facility’s contribution to creating a sense
of community identity.

. Coordinate design elements (street furni-

ture, light fixtures and poles, tree grates and

4.

6.

so forth) to fit into a desired theme or uni-
fied style for a given thoroughfare. This can
be best achieved through the preparation of a
streetscape improvement plan.

Streetside facilities are particularly well suited
for placement on very wide sidewalks or large
curb extensions. Locate facilities at street cor-
ners in a manner that maintains clear sight
triangles. (For more information, review the
discussions on sight triangles and curb exten-
sions in Chapter 10.)

. Consider vehicle overhangs and door swings of

parked vehicles.

Facilities should never obstruct the clear pedes-
trian throughway, curb ramps, or any accessible
element of the streetside.

. Place vertical elements so they provide the re-

quired lateral clearance to the face of the curb
and satisfactory shoulder clearance from the
clear pedestrian throughway zone.
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Figure 8.3 Public art adds interest to a walking route. Source: Kimley-Horn and Associates, Inc.

Context Zones

The placement of streetside facilities should be fo-
cused in urban center (C-5) or urban core (C-6)
context zones with predominantly retail- and enter-
tainment-related ground floor uses with a main street
level of pedestrian activity. The need for and benefits
from facilities such as kiosks, restrooms, or small-scale

retail stands is typically highest in C-5 and C-6 zones.

Facilities in the general urban (C-4) or suburban
(C-3) context zones should be located at nodes of
increased intensity of ground floor retail and enter-
tainment uses that produce high levels of pedestrian
activity. The provision of facilities at public transit
transfer centers should be considered in all context
zones.

Public Art

Pedestrian improvements create an opportunity to
implement public art (Figure 8.3). On a large scale,
public art has the ability to identify a district or con-
tribute to a design theme. It can be an effective means

of encouraging pedestrian travel by adding interest
to the route and creating community identity. The
redesign of thoroughfares creates opportunities for
the implementation of public art as part of an ur-
ban design or streetscape plan. This includes, but is
not limited to artistically designed paving; design of
furnishings, light fixtures, railings, or low walls; and
sculptural objects, murals or other surface treatments.
Placement of public art and monuments should not
obstruct the driver’s view of traffic control devices, be
a distraction, or be located in a manner that could
create a streetside hazard to motorists.

Design Guidance

Design guidance for the streetside elements of the
thoroughfare is provided in the following sections.
Specifically, design guidance is provided for streetside
width and functional requirements, pedestrian buf-
fers and edge and furnishings zone elements (trees
and parkways, sidewalk crossings of driveways and al-
leys, utilities, street furniture and landscaping).
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Streetside Width and Functional
Requirements

Related Thoroughfare Design Elements
® Intersections.

e Edge, furnishings, throughway and frontage
zone principles and considerations.

e Streetside facilities.
e  Snow removal.

e  Curb extensions.

Background and Purpose

The streetside, including the sidewalk, provides for the
mobility of people and is an important social space
where people interact and walk together, wait for transit,
window shop, access adjoining uses, or have a cup of cof-
fee at a street cafe. The streetside must be wide enough
to accommodate movement as well as the important so-
cial functions related to the land uses located along the
thoroughfare. The width and function of the streetside
influence safety and help achieve accessibility. The opti-
mal streetside width varies with the expected streetside
activities, character of adjacent land uses and speed and
volume of vehicular traffic in the thoroughfare.

General Principles and Considerations

General principles in the selection of appropriate
streetside width include the following:
¢ The streetside should have well-defined zones so
that the pedestrian throughway is clearly demar-
cated (Figure 8.4).

* Sidewalks should be provided on both sides of
the street in urban contexts. In a small number
of conditions, a sidewalk on only one side of the
street is appropriate when unusual land uses,
such as a canal, steep vertical wall, or railroad,
exist and people do not have a need to access
that side of the street.

* Care should be given where driveways and alleys
cross sidewalks. At these locations there is a po-
tential for conflict between drivers and pedestri-
ans and an increased possibility that pedestrian

Figure 8.4 A streetside with well defined zones. Source:
Community, Design + Architecture.

safety will be compromised. Crossings of drive-
ways, garage accesses, alleys and such should
maintain the elevation of the sidewalk and may
be considered for special materials, colors, tex-
tures and markings alerting motorists that they
are traversing a pedestrian zone.

* Utilities should not interfere with pedestrian cir-
culation or block entrances to buildings or curb
cuts or interfere with sight distance triangles.

* Space requirements for, and access to, transit fa-
cilities (such as bus shelters) should be included
in the design of the streetside but must be out-
side of the clear pedestrian travel way.

* Sidewalks must provide convenient connections
between building entries and transit facilities.

* Designers should coordinate with utility provid-
ers regarding the location of utility elements such
as poles, cabinets, vaults, grates and manholes.

* Sidewalks should be as straight and direct as pos-
sible except to avoid mature trees or unavoidable
obstacles. Pedestrians in urban and suburban
contexts have a desire to walk a straight course.

Edge Zone Principles and
Considerations

The edge zone, which is sometimes referred to as
the “curb zone,” is the interface between the trav-
eled way and the furnishing zone and provides an
operational offset to:
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Streetside Zones
A Avenue, Lake Oswego, OR

A Avenue is classified as a major arterial thoroughfare located in a general urban context zone (C-4) in Lake Oswego’s
downtown central business district and civic center area. Downtown land uses consist of low to medium density

commercial mixed use (office over retail/service) with low
to medium density residential located one block from A
Avenue. The ground floor uses are primarily commercial
with a mix of retail, services and restaurants.

Although the streetside on A Avenue is narrow, it con-
tains distinct zones for edge, furnishing, clear through-
way and frontage. The edge zone is about 18 inches, al-
lowing an operational clearance for opening car doors.

The furnishings zone (4-5 feet) contains street trees in
wells with decorative grates, light standards, shrubs in
moveable planters, seating and a collection of public art.

Underground utilities and vaults are also located in this
zone. The clear throughway ranges from 5-8 feet and
the frontage zone (about 2-3 feet) contains planters,
window shopping areas and seating for outdoor cafes.

* Prevent vehicle overhangs from hitting vertical
objects when turning or backing toward the curb;

¢ DProvide clearance from tall vehicles that are
parked next to the curbs on highly crowned
pavements;

e Provide clearance for extended bus and truck
mirrors; and

* Permit the opening of parked vehicle doors.

Other principles and considerations include:
* In compact mixed-use urban areas with on-
street parking, particularly those areas with

ground floor retail activity, the edge zone
should be a minimum of 1.5 feet to accom-
modate the door swing of a parallel parked
car and prevent potential conflicts with ele-
ments in the furnishing zone. While this zone
should generally be kept clear of any objects,
parking meters can be placed here with con-
sideration to door swings.

The width of the edge zone adjacent to angled
parking should account for the depth of ve-
hicle overhang, which can vary between 1.5
and 2.5 feet depending on the angle of the
parking spaces.
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Figure 8.5 Utility poles and other fixtures should not interfere with the pedestrian throughway. This example shows a
bus shelter and other street furniture properly located in the furnishings zone. Source: Kimley-Horn and Associates, Inc.

* Ifreverse (back-in) angled parking is considered,
the edge zone lateral clearance must be at least
30 inches due to the added overhang of the rear
of most vehicles.

* At transit stops with shelters, the edge zone should
be widened to a minimum of 4 feet to provide
wheelchair access to and in front of the shelter. A
curb extension that stretches the length of the tran-
sit stop can also be an effective way to increase the
width of the edge zone. Curb extension bus stops
have additional advantages for transit operations,
including faster passenger loading and unloading,
more space for waiting passengers and less time for
buses to re-enter the flow of trafhc.

Furnishings Zone Principles and
Considerations
The furnishings zone is the key buffer component be-

tween the active pedestrian walking area (throughway
zone) and the thoroughfare traveled way. Principles

and considerations concerning furnishings zones in-
clude the following:
* Street trees, planting strips, street furniture,

utility poles, signal poles, signal and electri-
cal cabinets, telephones, traffic signal cabi-
nets, signs, fire hydrants, bicycle racks and
the like should be consolidated in this zone
to keep them from becoming obstacles in the
throughway zone.

The furnishings zone accommodates curbside
transit stops, including boarding areas, shelters
and passenger queuing areas (Figure 8.5).

* When signal control cabinets, signal poles

and other traffic equipment are installed, they
must leave pedestrians in clear sight of, and in
alignment with, motorist’s views at all times.
This might require special setbacks for over-
sized equipment.

Retail kiosks, stands, or other business activi-
ties are appropriate in the furnishings zone (see
earlier section in this chapter on streetside fa-
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cilities and public art) if the furnishings zone is
sufficiently wide to maintain a 1.5-foot mini-
mum lateral clearance from the curb and over-

hanging parked vehicles.

Installation of curb extensions (see the section
in Chapter 10 on curb extensions) is an effective
way to increase sidewalk space in the furnishings
zone adjacent to crosswalks where pedestrians
will wait before crossing the thoroughfare.

Where no furnishings zone exists, elements that
would normally be placed there, such as bench-
es, light poles, signals, trash receptacles and so
forth, may occupy the frontage zone to keep the
clear pedestrian travel way unobstructed and

comply with PROWAG requirements.

Throughway Zone Principles and
Considerations

Principles and considerations concerning throughway
zones include the following:

ite=

Clear pedestrian throughway zones are intended
for pedestrian travel only and should be entirely
clear of obstacles and provide a smooth walk-
ing surface. According to PROWAG, running
slopes should not exceed the grade of the adja-
cent street, and cross slopes should not exceed 2
percent, including across driveways.

Width of the throughway zone should vary by
context and the activity of the adjacent land use

(Table 8.1).

Recommended clear pedestrian throughway
zone minimum width in constrained conditions
is 5 feet in residential and 6 feet in commercial

areas (see Table 5.2 in Chapter 5).

For very high pedestrian volume areas, such as
subway exits, transit transfer points and assem-
bly arena entrances and exits, additional width
and special design attention, particularly at
crossings, should be provided.

Within the “station area” of high-capacity transit
stations, sidewalks should be sufficiently wide to
accommodate expected pedestrian volume surges
and provide opportunities for faster pedestrians to
overtake slower pedestrians.

Frontage Zone Principles and
Considerations

The frontage zone is the area adjacent to the property
line that may be defined by a building facade, land-
scaping, fence, or screened parking area. Principles
and considerations concerning frontage zones include
the following:

* Use the frontage zone to create pedestrian com-
fort. Generally, pedestrians do not feel com-
fortable moving at a full pace directly along a
building facade or wall. The width of the front-
age zone may vary to accommodate a variety
of activities associated with adjacent uses, such
as outdoor seating or merchant displays. In all
cases, the 18 inches adjacent to a building wall
should be considered minimum lateral or shoul-
der clearance for pedestrians. It should not be
included as throughway zone width.

* Sidewalk businesses or other business activities
should be conducted preferably in the frontage
zone or, in some cases, the furnishings zone. Pri-
vate furnishings permitted in the frontage zone
may include seating and tables, portable signage
and merchandise displays. These furnishings
may require permits from the agency that owns
the right of way.

* Opverhanging elements such as awnings, store
signage, bay windows and so forth may occupy
this zone and extend over the clear pedestrian
travel way. These elements add vitality and vi-
sual interest to the street but also must com-
ply with local building codes and zoning ordi-
nances. Overhanging elements require a vertical
clearance of at least 80 inches.

* Where the streetside passes a parking lot, a buf-
fer, such as a hedge or a low wall, should be used
to prevent parked vehicles from overhanging
into the frontage zone and to maintain an at-
tractive frontage along the streetside. Where sur-
face parking is exposed to a thoroughfare right
of way, and a buffering hedge or low wall cannot
be accommodated within the private property,
the frontage zone should be widened to provide
space for the hedge (2 to 3 feet) or low wall (0.5
to 1 foot) with a visual screen up to 6 feet in

height.
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Figure 8.6 Preferred accessible designs for driveway and
alley crossings. Source: based on Designing Sidewalks and
Trails for Access. lllustration by Digital Media Productions.

Table 4.1 in Chapter 4 includes a discussion of con-
text zones and frontage types.

Driveway Crossing Principles and
Considerations

Principles and considerations concerning driveway
crossings include the following:

* Appearance of the sidewalk (scoring pattern or spe-

cial paving) should be maintained across driveway

and alley access points to indicate that, although a

vehicle may cross, the area traversed by a vehicle
remains part of the pedestrian travel way.

* Itis desirable to minimize, consolidate, or elimi-
nate curb cuts and driveways in areas of highest
pedestrian activity such as urban center (C-5)
and urban core (C-6) commercial areas. In these
areas, driveway and curb cut frequencies and
spacing should be kept to a practical minimum,
ideally not more than one curb cut per block.

* Consolidation of driveways is particularly im-
portant in areas with predominantly commer-
cial ground floor uses in suburban (C-3) and
general urban (C-4) context zones.

* Driveway crossings should maintain the eleva-
tion of the sidewalk.

* Driveway aprons should not extend into the
clear pedestrian travel zone, where cross slopes
are limited to a maximum of 2 percent; steeper
driveway slopes are permitted in the furnishing
and edge zones of the streetside (see Figure 8.6).

* Along boulevards and avenues, the elimination
of driveways and conflict points may be aided by
the presence of continuous medians that restrict
left turns.

Recommended Practice

Table 8.1 provides an overview of recommended
width for each of the streetside zones described in this
chapter. The table provides the recommended width
of each of the zones by context zone, thoroughfare
type and under varying predominant ground floor use
conditions. Table 8.1 also provides the total width of
the streetside for a constrained condition.

Additional Guidelines

Driveway Crossings

* The width of driveways for two-way trafhc
should not exceed 24 feet unless a specific fre-
quent design vehicle requires a wider dimension.
Some driveway volumes warrant two lanes in
each direction. In these cases, consider design-
ing a median between directions to separate op-
posing traffic and to provide a pedestrian refuge.
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When a driveway is one way only, a maximum

width of 14 feet should be considered.

* In driveway or alley crossing locations, a mini-
mum 5-foot-wide clear pedestrian throughway
must be provided. Figure 8.6 illustrates various
designs under this minimum condition. The full
pedestrian throughway is maintained across the
entire driveway, and the slope does not exceed
2 percent. Note that the sidewalk remains level
and the driveway apron does not extend into the

sidewalk.

Utilities

* Aboveground utilities should be placed at
least 18 inches from the back of curb and may
not interfere with the minimum pedestrian
throughway. If buildings do not abut the right
of way, place utilities behind the sidewalk,
where they will not interfere with the use of the
adjacent property.

* Placing utilities underground avoids conflicts
and clutter caused by poles and overhead wires
and should be coordinated with street tree
planting planning efforts to avoid conflicts be-
tween the trees and below-ground utilities and
aboveground utility boxes. Placing utilities un-
derground can be costly, particularly in retrofit
situations.

* The design of sidewalks, planting strips, medians
and other street elements must allow for service
access to underground and overhead utilities.

* Longitudinal underground utility lines should
be located in a uniform alignment as close to the
right-of-way line as practical or within a plant-
ing strip. In urban areas with abutting buildings,
locate utilities within the parking lane or plant-
ing strip.

Refer to AASHTO’s A Guide to Accommodating Utili-
ties Within Highway Right-of-Way (2005) for additional
information on the design and placement of utilities.

Street Furniture

Street furniture placed along a sidewalk is an ame-
nity that encourages walking. Street furniture—such
as public telephones, seating, trash receptacles and

drinking fountains—provides both a functional
service to pedestrians and visual detail and interest.
Street furniture also conveys to other users of the
thoroughfare that pedestrians are likely to be present.
Guidelines include the following:

* Street furniture may be placed within curb ex-
tensions as long as it does not obstruct the clear
pedestrian throughway, access to curb ramps, or
sight distance at crossing locations. Bicycle park-
ing or landscaped areas with seating walls can be
accommodated in curb extensions.

e Street furniture should be placed on thorough-
fares expected to have high pedestrian activity.
When resources are limited, prioritize locations
for the placement of street furniture. Examples
of priority locations for street furniture include:

¢ Transit stops;

*  Major building entries;

¢ Retail and mixed-use main streets; and
* Restaurants.

* Select the type, design and materials of street
furniture to reflect the local character of the sur-
rounding context and contribute to a sense of
community identity.

* Ensure that placement of furniture does not re-
duce the width of the clear pedestrian through-
way to less than 5 feet.

Landscaping

Landscaping is typically located in the furnishings
zone of the streetside. Vegetation, especially trees,
adds soft textures and bright colors to the concrete
and asphalt surfaces of the thoroughfare and thereby
increases comfort and distinguishes an area’s identity.
Landscaping also offers important ecological benefits.
Trees are frequently the most visibly significant im-
provement, if properly selected, planted and main-
tained. They provide shade from the sun, intercept
stormwater and buffer pedestrians from passing ve-
hicle traffic. Guidelines include the following:

* Ground cover, grasses and shrubs might be ap-
propriate supplements to add character along
residential streets. Raised planters along mixed-
use main streets can be used as seating and may
increase pedestrian comfort by providing a vi-
sual buffer between pedestrians and traffic.
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Figure 8.7 Street tree planted in curb extension in
parking lane. Source: Kimley-Horn and Associates, Inc.

* Select plants that are adapted to the local climate
and fit the character of the surrounding area.

* Consider the use of structural soils to allow for
the planting of healthy street trees in narrow fur-
nishing zones.

* Use street trees and other landscaping to com-
plement street lighting and streetside facilities in
creating a distinct character for specific streets,
districts, or neighborhoods. Because lighting is
an important aspect of thoroughfare safety, the
practitioner needs to consider the effect of land-
scaping on the effectiveness of the lighting.

* Ifa continuous canopy of trees is desired by the
community, space street trees between 15 and
30 feet on center, depending upon species, to

shade the streetside, define the edge of the street
and buffer the streetside from the traveled way.

Landscape plantings in urban center (C-5) and
urban core (C-6) context zones may have a for-
mal characteristic (in a more linear and sym-
metrical pattern), with plantings becoming less
formal in less-intensive context zones (C-3 and

C-4).

In the more urban C-5 and C-6 context zones
and along thoroughfare segments with predomi-
nantly commercial ground floor uses, trees should
be planted in tree wells covered by tree grates to
maximize the surface area for pedestrian circula-
tion. Tree grates or landscaped cutouts should be
considered for other context zones where com-
mercial ground floor uses predominate.

Prune trees so that branches do not interfere
with pedestrians, street lighting, parked vehicles
and sight distance to crossing pedestrians, as
well as any traffic control devices. The minimum
vertical clearance should be 8 feet above the pe-
destrian travel way in the streetside and at least

Utilities and Street Trees

Both overhead and underground utilities can pose
conflicts with street trees.

Mature trees’ branches may interfere with overhead
wires and lead to “topping” by utility providers. This
practice is unattractive and can be detrimental to
the tree’s branching structure. To avoid this situa-
tion, consider under-grounding utility lines or select
shorter trees whose branches will remain below the
utility lines.

When planning for street tree planting, identify and
avoid any underground utilities that could be dam-
aged during the installation process or tree roots.

Plan to “train” newly planted trees in the first years
of growth to guide branch development and vertical
clearance.

To avoid damage to utilities, sidewalks and pave-
ment, encourage deep roots with use of watering
tubes that allow water to seep into the soil below
the roots.

Consider “root barriers,” underground barriers enclos-
ing roots, where there is potential for root damage.
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Figure 8.8 A combination of on-street parking, furnishings zone and wide pedestrian throughway provides ample
buffer from moving traffic. Source: Kimley-Horn and Associates, Inc.

13 feet from the top of curb in the traveled way
to provide clearance for larger vehicles.

*  On commercial streets with business signs, work
with a landscape architect to select the appro-
priate types of tree and pruning techniques that
minimize interference with sign visibility.

* Maintenance issues should be discussed in ad-
vance of the preparation of a streetscape im-
provement plan to ensure clear understanding
of pruning and maintenance requirements.

* The width of the streetside landscaped strip
should be at least 5 feet (preferred width is 8
feet) to support healthy tree growth.

* Trees can be planted in curb extensions between
parking bays (Figure 8.7). This helps reduce the
visual width of the street and can be part of a de-
sign that maintains a wider pedestrian through-
way, especially in constrained conditions.

Pedestrian Buffer

The buffering of the streetside from vehicle traffic in
the traveled way is one of the most important fac-
tors in providing pedestrian comfort along urban
thoroughfares. The effectiveness of buffers is largely
dependent on width (see the section in this chapter
on streetside width and functional requirements) and
the contributing buffer elements, such as street fur-
niture and landscaping, that can create a visual and
sound barrier between the pedestrian and moving
traffic (Figure 8.8). On-street parking and edge and
furnishings zones combine to provide buffering from
traffic. Guidelines include:

* On-street parking should provide a buffer be-
tween pedestrians on the sidewalk and mov-
ing trafhic; especially in areas with ground floor
commercial uses and/or where high volumes of
pedestrian activity are expected. Texturing park-
ing lanes or bays with the same material as the
sidewalk can visually reduce the width of the
roadway when the parking lane is empty;
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* For thoroughfares without on-street parking
and travel speeds of 30 mph or less, the width of
the furnishings zone as a buffer for pedestrians
should be at least 6 feet wide;

* If necessary to achieve an appropriately wide pe-
destrian buffer within the furnishings zone, con-
sider reducing the frontage zone to its minimum
or eliminating it;

* Bicycle lanes can serve as a buffer if desired
streetside widths cannot be achieved or if street-
side widths can only be achieved at the lower
end of the ranges shown in Table 8.1.

Justification

Although the recommendations in this chapter are
generally consistent with the guidelines contained
in the AASHTO Guide for the Planning, Design and
Operation of Pedestrian Facilities (2004b), the recom-
mendations for buffer widths in this chapter are wider
than those recommended in the AASHTO guide.

Recommendations related to street furniture and
landscaping in this chapter are based on recently pub-
lished best practices, specifically the Santa Clara Val-
ley (California) Transportation Authority’s Pedestrian
Technical Guidelines (2003), which describes the prin-
ciples behind the use of street furniture and landscap-
ing to encourage pedestrian activity.

The effect of on-street parking as a pedestrian buffer is
generally recognized by practitioners as one factor in cre-
ating a comfortable pedestrian environment. Some pe-
destrian level of service methodologies place significant
weight on the presence of on-street parking as a buffer
for passing traffic.
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Purpose

This chapter provides principles and guidance for
the design of a thoroughfare’s traveled way, which
includes the elements between the curbs such as
parking lanes, bicycle lanes, travel lanes and me-
dians. The traveled way also includes midblock
bus stops and midblock crosswalks. The guidance
in this chapter is used in conjunction with the
guidance for the other two thoroughfare compo-
nents—the streetside (Chapter 8) and intersections

(Chapter 10).

Objectives

This chapter:
1. Introduces and defines the elements of the traveled
way;
2. Presents traveled way design considerations,

including key factors in determining cross-
sections;

3. Describes principles for transitioning urban thor-
oughfares when there is a change in context, thor-
oughfare type, or geometric elements; and

Traveled Way Design Guidelines

Chapter

9

4. Provides design guidance for the primary ele-
ments of the traveled way, which are lane width,
medians, bicycle lanes, on-street parking, geo-
metric transition design, midblock crossings,
pedestrian refuge islands, transit, bus stops and
stormwater management.

Introduction

The traveled way comprises the central portion of the
thoroughfare (Figure 9.1). It contains the design ele-
ments that allow for the movement of vehicles, transit,
bicycles and freight. The traveled way is also where ve-
hicles, via on-street parking, interface with the street-
side. Many of the conflicts that occur on thoroughfares
occur within the traveled way between two or more
moving vehicles, moving and parking vehicles, bicy-
clists and vehicles, and vehicles and pedestrians cross-
ing at midblock locations and intersections.

Fundamental principles of the design of this portion of
the thoroughfare include uniform cross-section along
the length of the thoroughfare and transitions designed
to move vehicles laterally or change speed where cross-
section elements change.

Context _ Streetside

i
Traveled Way

L=

o=

| Streetside Context

Figure 9.1 The traveled way is the component of the thoroughfare between the curbs. Source: Community,

Design + Architecture.
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This report addresses the following considerations for
the thoroughfare traveled way:
¢ Cross-section determination;

* Access management;
* Emergency vehicle operations; and

* Transition principles.

This report addresses the following guidelines for the
thoroughfare traveled way:
e Lane width;

¢ Medians;

* Bicycle facilities;

* On-street parking and configuration;
* Transition design;

¢ Midblock crosswalks;

* Pedestrian refuge islands;

* Transit design;

* Bus stops in the traveled way;

* Special consideration for stormwater manage-
ment; and

* Special consideration for snow removal.

Design Considerations

Cross-Section Determination

The following design considerations are used to de-
termine the optimum cross section:

1. Determine context zone and identify thoroughfare
type based on Tables 4.1 (Context Zone Charac-
teristics), 4.2 (Thoroughfare Type Descriptions),
4.3 (Relationship Between Functional Classifica-
tion and Thoroughfare Type), 4.4 (Urban Thor-
oughfare Characteristics), 6.4 (Design Parameters
for Walkable Urban Thoroughfares) and 8.1 (Rec-
ommended Streetside Zone Dimensions). This
establishes the general parameters for the cross-
section (such as median width, parking lane width,
streetside width and function).

2. Determine the preliminary number of lanes
through a combination of community objectives,
thoroughfare type, long-range transportation
plans and corridor-wide and network capacity
analysis. Network capacity (the ability of paral-

lel routes to accommodate travel demand) should
influence the number of lanes on the thorough-
fare. Thoroughfare in compact mixed-use urban
areas are recommended to have a maximum of six
through lanes where necessary because network
connectivity is limited. A maximum of four lanes
is recommended for new corridors.

3. Select the design and control vehicle for the
thoroughfare by identifying the most common
type of vehicle to accommodate without en-
croachment into opposing travel lanes. Chapter
7 describes the selection of a design and/or con-
trol vehicle and criteria for accepting encroach-
ment of vehicles into opposing lanes.

4. Determine the preliminary number of turn
lanes at critical intersections. Intersection design
in CSS may require evaluation of trade-offs be-
tween vehicular capacity, level of service, pedes-
trian crossing distance and exposure to traffic.

5. Identify transit, freight and bicycle requirements
for the thoroughfare and establish the appropri-
ate widths for each design element.

6. Develop the most appropriate cross-section and
compare the width to the available right of way:
* If the cross section is wider than the right of
way, identify whether right-of-way acquisi-
tion is necessary or whether design elements

can be narrowed; and

¢ Ifthe cross section is narrower than the avail-
able right of way, determine which elements
should be widened (such as the streetside)
to utilize the available right of way.

Avoid combining minimal widths for adjacent elements,
except on very low-speed facilities (25 mph maximum).
For example, avoid combining minimal parking and bi-
cycle lanes adjacent to minimum width travel lanes. Es-
tablish priorities for each mode and allocate the right-of-
way width appropriately to that mode’s design element.
Use appropriate lane widths to accommodate the speed
and design vehicle selected for the thoroughfare. Avoid
maximum-width travel lanes if not warranted, as this cre-
ates overly wide thoroughfares that encourage high speeds.

Access Management

Access management is the practice of properly locat-
ing and designing access to adjoining properties to re-
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duce conflicts and improve safety while maintaining
reasonable property access and traffic flow on the
public street system. Effective access management
includes setting access policies for streets and abut-
ting development, linking designs to these policies,
having the access policies incorporated into legisla-
tion and having the legislation upheld in the courts.

Access management addresses the basic questions of
when, where and how access should be provided or
denied and what legal or institutional provisions are
needed to enforce these decisions. It has been shown
that good access management can reduce crashes by
50 percent or more, depending on the condition and
treatment used (TRB 2003). The need for rigorous
access management in compact urban areas can be
lessened by proper network planning, because traffic
distributed to a grid of streets reduces the concentra-
tion on any one thoroughfare.

The following principles define access management
techniques:
* Classify the street system by function, context
and thoroughfare type;

* Establish standards or regulations for intersec-
tion spacing (see Chapter 3 for guidance);

¢ On streets that serve an access function (the
focus of this report), minimize curb cuts in ur-
ban areas to reduce conflicts between vehicles,
pedestrians and bicyclists, locate driveways
and major entrances away from intersections
and away from each other to minimize effects
on traffic operations, minimize potential for
crashes, provide for adequate storage lengths
for turning vehicles and reduce conflicts with
pedestrians using the streetside;

* Use curbed medians and locate median openings
to manage access and minimize conflicts; and

* Use cross streets and alleys to provide access
to parking and loading areas behind build-
ings. This topic is discussed in Chapter 3 on
network planning and in Chapter 8 on street-
side design.

There are a number of resources listed at the end
of this chapter that provide detailed guidance on
access management.

Emergency Vehicle Operations

Urban thoroughfares are the primary conduits for
emergency response vehicles, including police, fire
and ambulance. Common design for thoroughfares
encourages speed and capacity. This can lead to fa-
tality- and injury-producing crashes. On the other
hand, the emergency responder bears the responsibil-
ity for both response times and reasonable access to
incidents within the community. A balance between
these two interests must be established for the appro-
priate design of context sensitive thoroughfares. Both
interests can work together to find response strategies
that create safe and comfortable places for the non-
motorist.

Emergency vehicle access and operations should al-
ways be considered in thoroughfare and site design.
Local operational conditions will vary from place to
place, and emergency response strategies are specific
to the locale. Consequently, the practitioner should
collaborate with emergency responders to learn their
specific needs and response strategies and tactics used
on similar streets. Asking the following questions will
help in understanding issues when working with fire
departments:
* What types of fire apparatus are used in re-
sponding to different emergencies that might
occur on or adjacent to the thoroughfare?

* Does the type of vehicle change depending on
where vehicles are responding (e.g., suburban
residential versus urban core high rise)?

* In urban areas with tall buildings, how does
the department deploy its ladders and how
much width is needed between the vehicle
and building? How much clear space is need-
ed adjacent to the building? Do they require
gaps in sidewalk furnishings to access build-
ings? Do they need to fully extend their ve-
hicle’s stabilizers?

* What are the characteristics of the apparatus
that affect thoroughfare design (e.g., wheel
turning path, overhang turning path, appara-
tus width)?

* In a block of attached multistory buildings,
does the number of stories cause a difference
in firefighting tactics that would affect the de-
sign of the adjacent street?
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Fire codes may have additional guidance on emergen-
cy access requirements, such as minimum travel way
clear widths and minimum space to deploy certain
types of equipment, such as ladders, to reach high
buildings. The following should be considered in de-
signing networks and traveled ways to accommodate
emergency vehicles:

* Many emergency responder concerns can be
addressed at the network planning level. High
levels of street connectivity improve emergen-
cy response by providing alternate routes, and
can alleviate the need for passing stopped fire
fighting vehicles. Measure network connec-
tivity using metrics such as intersections per
square mile. The threshold number of inter-
sections per square mile should be somewhere
around 150 (not including alleys). Other
considerations are maximum block perimeter,
existing or proposed thoroughfare connectiv-
ity and intersection types (cross, tee and so
forth). A block perimeter of 1,140 feet is a
reasonable length for pedestrians and emer-
gency vehicles. Exceptions can be made, and
the thoroughfare design practitioner and fire
officials must come to a mutually acceptable
decision based on specific local conditions.

* Alleys benefit emergency responders by creat-
ing a secondary means of approaching struc-
ture fires with smaller equipment. As second-
ary approaches, alleys are not primary access
and need not be designed for the largest fire
vehicle.

* In urban areas with tall buildings, consider
no-parking zones or staging areas at the mid-
block to accommodate large ladder trucks.
The length and frequency of these zones
should be determined with the emergency re-
sponder but should not be longer than 50 feet
to minimize loss of on-street parking.

* When establishing new or reviewing exist-
ing access management conﬁgurations, care
should be taken to permit direct routing ca-
pability for emergency vehicles.

* Use emergency vehicles as a design vehicle for
the design of curb return radii only if the ve-

are generally able to encroach into opposing
travel lanes. Consider using demonstration
projects in the field to determine or confirm
the optimal geometry for fire vehicles.

On streets with medians or other access man-
agement features, emergency response time
may be reduced by implementing mountable
median curbs to allow emergency vehicles to
cross (see Figure 9.2).

Consider the use of bike lanes that are at least
6 feet wide on thoroughfares that have one
lane in each direction and medians. This will
provide the opportunity for vehicles to pull
into the bike lane and allow emergency ve-
hicles to pass them.

* Thoroughfare design in high-rise building

environments may be constrained by the re-
quired distance between the building face and
the centerline of ladder trucks. In many cases,
this is 35 feet. However, this dimension varies
and should be examined with fire officials.

Operational Considerations

Operational and technological strategies to enhance
emergency vehicle response in urbanized areas include:
1. Reducing nonrecurring congestion using tech-

niques such as traffic incident management and
information, special events traffic management,
work zone management and emergency man-
agement planning; and

2. Reducing recurring congestion using techniques
such as freeway and arterial management, cor-

hicl 1d the road fr nty (e.g., . _
cle would use the roadway frequently (e.g Figure 9.2 A mountable median allows emergency

prm'lary travel route from fire station t(? 1ts vehicles to access side streets. Source: Kimley-Horn and
service area). Otherwise, emergency vehicles  Associates, Inc.
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ridor traffic management and travel demand
management. These include techniques to im-
prove day-to-day operations such as signal sys-
tems management, emergency vehicle preemp-
tion, access management, traveler information
and intelligent transportation systems (ITS),
which encompass many of the strategies listed
in item 1 above.

Finally, it should be noted that firefighters are
trained in many techniques that address context
sensitive streets, mainly because narrow, low-speed,
pedestrian oriented streets exist in many towns and
cities. Many fire departments have experience with
historic networks of narrow streets. Their experience
provides a basis for allowing new neighborhoods to
be built on networks of relatively narrow streets. The
designer should be particularly sensitive to the lo-
cal fire official’s experience and operational needs on
urban thoroughfares.

Transition Principles

Transitions refer to a change in thoroughfare type,
context (rural to urban), right-of-way width, number
of lanes, or neighborhood or district. For purposes
of this report, transitions in the geometric design of
thoroughfares refer to the provision of a smooth taper
of appropriate length where lanes or shoulders change
width, lanes diverge or merge, or lanes have been add-

ed or dropped.

In context sensitive thoroughfare design, how-
ever, transitions extend beyond geometric design
requirements and reflect changes in context zone
and associated levels of multimodal activity. As
such, transitions can serve as a visual, operational
and environmental cue of the following upcoming

changes in:
* Functional emphasis from auto to pedestrian
oriented;

* Thoroughfare type, particularly where function-
al classification and speed changes;

* Width of roadway, either a narrowing/widening
of lanes or decrease/increase in number of lanes
(see section on Geometric Transition Design
later in this chapter); and

* Neighborhood or district, such as a transition
between a commercial and residential district.

Principles for designing effective transitions include
* Using the established guidance—Manual on
Uniform Traffic Control Devices (MUTCD),
AASHTO Green Book—to properly design,

mark and sign geometric transitions; and

* Designing transitions on a tangent section of
roadway, avoiding areas with horizontal and
vertical sight distance constraints. It is best
if the entire transition length is visible to the
driver.

If the purpose of the transition is to signal a change
in context, neighborhood or district and/or change in
speed zone, the transition principles include:

1. Providing a transition speed zone. The purpose
of a transition speed zone is to avoid large re-
ductions in the speed limit by providing two or
more speed limit reductions. At a minimum,
speed-reduction zones use regulatory speed
limit signs. Speed limit reductions should occur
on tangent sections distant from intersections.
Changes in speed zones can utilize other traffic
control devices such as warning signs, beacons
and so forth as appropriate or can utilize ap-
propriate traffic calming devices such as speed
platforms or rumble strips where the zone is par-
ticularly short.

2. Providing visual cues to changes in context or
environment. The intent of this principle is to
combine regulatory speed change with traveled
way or streetside features that influence driver
speed. Visual cues can include streetside urban
design features (landscaping, curbs, on-street
parking, street light standards with banners,
entry signs, thematic street furniture and so
forth) and alternative pavement texture/mate-
rial at intersections and crosswalks. Land uses
and building style can provide visual cues as
well. Progressively introducing taller buildings
closer to the street affects driver perception
of the change from rural or suburban to ur-
ban character. Vertical elements, such as street
trees in which the vertical height is equal to
or greater than the street width, may influence
driver perception of the environment and in-
dicate a change. Visual cues should culminate
in a gateway at the boundary of the change in
district, neighborhood, or thoroughfare. Gate-
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ways (Figure 9.3) can be achieved with urban
design features or unique intersections such as
modern roundabouts.

3. Changing the overall curb to curb width of
the street as appropriate for the context, thor-
oughfare type and traffic characteristics. This
can apply to transitions where streets narrow
from four to two lanes or widen from two to
four lanes. Means of reducing overall street and
traveled way pavement width include reduc-
ing the number of lanes, reducing lane widths,
dropping through lanes as turning lanes at in-
tersections, providing on-street parking or bi-
cycle lanes, applying curb extensions at inter-
sections and midblock crossings and providing
a raised curbed median.

Design Guidance

Design guidance for the traveled way elements of the
thoroughfare are provided in the following sections.

Lane Width

Background and Purpose

Street width is necessary to support desirable design el-
ements in appropriate contexts, such as to provide ad-
equate space for safe lateral positioning of vehicles, on-
street parking, landscaped medians and bicycle lanes.
Wide streets (greater than 60 feet), however, create

Figure 9.3 An arterial gateway into a downtown area
composed of a raised intersection, public art, building
orientation and attractive materials. Source: Kimley-Horn
and Associates, Inc.

barriers for pedestrians and encourage higher vehicular
speeds. Wide streets can reduce the level of pedestrian
interchange that supports economic and community
activity. Wide streets discourage crossings for transit
connections. The overall width of the street affects the
building height to width ratio, a vertical spatial defini-
tion that is an important visual design component of ur-
ban thoroughfares. Lane width is only one component
of the overall width of the street but is often cited as
the design element that most adversely affects pedestrian
crossings. In fact, many factors affect pedestrian cross-
ing safety and exposure, including the number of lanes,
presence of pedestrian refuges, curb extensions, walking
speed and conflicting traffic movements at intersections.

General Principles and
Considerations

General principles and considerations in the selection
of lane widths include the following considerations.

* Determine the overall width of the street and
the traveled way on the accumulated width of
the desired design elements (e.g., parking, bi-
cycle lanes, travel lanes and median). Prioritize
design elements that constitute an ideal cross-
section and eliminate lower-priority elements
when designing in constrained rights of way.
Reducing lane width is one means of fitting the
design into the available right of way.

¢ Curb lane widths should be measured to the
face of curb unless the gutter and catch basin

Related Thoroughfare Design Elements
e  (Cross-section determination
e  On street parking and configuration
e Access and speed management
e  Bicycle lanes
e  Bus stops
e Intersection layout
e  Geometric transition

e  Transit design
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inlets do not accommodate bicycles and motor
vehicles. However, to preserve available width
for best use, inlets should be designed to safely
accommodate bicycle and motor vehicle travel.

Many fire districts require a minimum
20-foot-clear traveled way. This is usually not
difficult to achieve on urban thoroughfares
but could present challenges on thoroughfares
that have one travel lane in each direction, on
street parking and raised medians (the con-
figuration of some four- to three-lane street
conversions). In these circumstances consider
adding bicycle lanes, mountable curbs on me-
dians, median breaks, or flush cobblestone
medians with periodic raised medians for
plantings.

Where adjacent lanes are unequal in width, the
outside lane should be the wider lane to accom-
modate large vehicles and bicyclists (only where
bicycle lanes are not practical), and facilitate the
turning radius of large vehicles.

While it may be advantageous to use minimum
dimensions under certain circumstances, avoid
combining minimum dimensions on adjacent
elements to reduce street width where it could
affect the safety of users. For example, avoid
combining minimum-width travel lanes ad-
jacent to a minimum-width parking/bicycle
lane—a situation that reduces the separation
between vehicles and bicyclists.

When wider curb lanes are required, consider
balancing the total width of the traveled way by
narrowing turn lanes or medians to maintain
the same overall pedestrian crossing width.

Consider wider lanes along horizontal curves
to accommodate vehicle off-tracking, based on
a selected design vehicle. This measure is an al-
ternative to increasing the curve’s radius to ac-
commodate off-tracking. The AASHTO Green
Book provides guidance on widening for vehicle
off-tracking.

If a network evaluation determines that suf-
ficient capacity exists to accommodate cor-
ridor- or areawide traffic demands, consider
reducing the number of travel lanes to ac-
commodate the desired design elements in
constrained right of way. On streets with very

high turning movements, replacing through
lanes (where turns are occurring from the in-
side through lane) with a turning lane can sig-
nificantly improve traffic capacity.

Where there is insufficient network travel
lane capacity and right of way to meet thor-
oughfare design objectives, consider convert-
ing two parallel streets into a pair of one-way
streets (couplet) to increase capacity before
considering widening thoroughfares. While
sometimes the subject of debate and con-
troversy, one-way couplets have appropriate
applications under the right circumstances.
Strive to keep the number of lanes in each di-
rection to three or less. This measure requires
a comprehensive study of the ramifications for
pedestrian and bicycle safety, transit and vehi-
cle operations, economic issues and so forth.
See the ITE Traffic Engineering Handbook for
more on comparative advantages of one-way
and two-way streets.

Recommended Practice

Select lane widths based on the following four key
considerations:
e Target speed—on the lower-speed urban

thoroughfares addressed in this report (tar-
get speeds of 35 mph or less), a range of lane
widths from 10 to 12 feet on arterials and 10
to 11 feet on collectors is appropriate. On
arterials with target speeds below 30 mph,
widths in the lower end of the range are ap-
propriate (10 to 11 feet). On collectors with
a target speed below 30 mph, a 10-foot lane
width may be appropriate unless the following
design considerations or other factors warrant
a wider lane. Turn lanes that are 10- to 11-
feet wide are appropriate in urban areas with

target speeds of 35 mph or less.

Design vehicle—vehicles such as transit buses
or large tractor-trailers require wider lanes, par-
ticularly in combination with higher design
speeds if they frequently use the thoroughfare.
Modern buses can be 10.5 feet wide from mir-
ror to mirror and require a minimum 11-foot-
wide lane on roadways with 30 to 35 mph target
speeds. Wider curb lanes, between 13 to 15 feet
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for short distances, should only be used to help
buses negotiate bus stops and help trucks and
buses negotiate right turns without encroaching
into adjacent or opposing travel lanes.

* Right of way—balance the provision of the
design elements of the thoroughfare with the
available right of way. This balance can mean re-
ducing the width of all elements or eliminating
lower-priority elements.

* Width of adjacent bicycle and parking lanes—the
width of adjacent bicycle and parking lanes influ-
ences the selection of lane width. If the adjacent
bicycle or parking lane is narrower than recom-
mended in this report, first consider widening the
bicycle lane. If a design vehicle or target speed jus-
tifies such, provide a wider travel lane to provide
better separation between lanes (Figure 9.4).

AASHTO highlights benefits of narrower (10 to 11 feet)
travel lanes on lower-speed urban streets, including a re-
duction in pedestrian crossing distance, ability to pro-
vide more lanes in constrained rights of way and lower
construction cost. The recommended travel lane widths
in this report are also consistent with design guidelines
in AASHTO’s Guide for Development of Bicycle Facilities
(1999) and the recommendations in A Guide for Achiev-
ing Flexibility in Highway Design (2004b).

Research on the relationship between lane width and
traffic crashes found no statistically significant rela-
tionship between lane width and crash rate on arterial

streets (TRB 1986).
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Figure 9.4 Bike lanes on the Embarcadero in San Francisco.
This multimodal boulevard along the waterfront was formerly
an elevated freeway. Source: Dan Burden, walklive.org.

Medians

Background and Purpose

Medians are the center portion of a street that separates
opposing directions of travel. Medians vary in width
and purpose and can be raised with curbs or painted and
flush with the pavement. Medians on low-speed urban
thoroughfares are used for access management, accom-
modation of turning traffic, safety, pedestrian refuge,
landscaping and lighting and utilities. Based on these
functions, this guidance addresses raised curbed medians
with a discussion of alternate applications such as flush
medians interspersed with landscaped median islands.

In addition to their operational and safety functions,
well-designed and landscaped medians can serve as a fo-
cal point of the street or an identifiable gateway into a
community, neighborhood, or district. Medians can be
used to create tree canopies over travel lanes, offer attrac-
tive landscaping and provide space for lighting and ur-
ban design features. Wider medians can provide pedes-
trian refuge at long intersection crossings and midblock
crossings. Medians vary in width depending on available
right of way and function. Because medians increase the
width of a street, the designer must weigh the benefits of
a median against the increase in pedestrian crossing dis-
tance and possible decrease in available streetside widths.

Operational and safety benefits of medians include
storage for turning vehicles, enforcing turn restrictions,
reducing conflicts, pedestrian refuge, snow storage, re-
ducing certain types of crashes such as head-on colli-

Related Thoroughfare Design Elements
e  (Cross-section determination
e  Access management
e  Pedestrian refuge islands
e Intersection layout
e Lane width
e Transit design

e Midblock crossings
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sions and space for vehicles crossing the thoroughfare
at unsignalized intersections. With some innovation in
design, curbed medians can provide biofiltration swales
to retain and improve the quality of stormwater runoff.

Flexibility in median width design revolves around the
median’s function, appurtenances and landscaping to
be accommodated in the median and available right
of way. The designer needs to consider the trade-offs
between the provision of a median and other design
elements, particularly in constrained rights of way.

General Principles and
Considerations

General principles and design considerations regard-
ing medians include the following:

*  Where medians are provided at intersections as ref-
uge, they should be wide enough to accommodate
groups of pedestrians, wheelchair users, bicyclists
and people pushing strollers. To keep streets com-
pact and pedestrian-scaled, median width typically
should not exceed 18 feet in walkable urban envi-
ronments except on ceremonial view corridors and

parkways or where dual left turns are provided.

¢ On boulevards and wide avenues (more than 60
feet) where median dimensions need to remain
continuous and left turn lanes are provided, me-
dians should be 16-18 feet, to allow for a turn
lane plus pedestrian refuge.

* Apply medians as part of a corridor access manage-
ment strategy to improve safety and multimodal
operational efhciency. Evaluate impacts on land
access and ensure adequate locations for U-turns.

Median width may vary to accommodate a pedestrian
refuge and/or turn lane. For example, designers may
remove on-street parking near intersections in order to
laterally shift the travel lanes to accommodate a median
with a turn pocket. Where right of way is available, a
continuous dimension for the median is preferred.
* Use an appropriate design vehicle for left- and U-
turns when designing median width (see Chapter

7).

* Avoid providing overly wide medians at the expense
of unreasonably narrowing the streetside. In walk-
able urban contexts, streetsides of appropriate width

should take higher priority than wide medians.
However, the design needs to balance the safety, op-
erational and pedestrian comfort needs of the street.

* In contrast to medians in rural areas, the width
of medians at intersections in urban areas should
only be as wide as necessary to provide the de-
sired function (accommodation of longitudinal
left turns, pedestrian refuge and so forth). Oth-
erwise, the intersection loses operation efficien-
cy and vehicles crossing the median may use the
width inappropriately (side-by-side queuing,
angled stopping and so forth).

* On multilane thoroughfares, medians aid pedes-
trians in their crossing. A median of 6 to 8 feet
can be more desirable to a crossing pedestrian
than the same width added to another element
of the thoroughfare.

* If the median will not be landscaped, consider
using alternative contrasting materials to create
visual interest and an aesthetic appearance.

* Raised medians in low-speed urban contexts
should be constructed with vertical curbs to pro-
vide refuge for pedestrians, access management
and a place to install signs, utilities and land-
scaping. In snow conditions, raised medians im-
prove delineation of the median. If emergency
access is a concern, mountable curbs should be
considered in special locations (where medians
are carried across intersections, access managed
thoroughfares near fire stations, or within 200
to 300 feet of an intersection approach that fre-
quently experiences long queues). Mountable
medians can be super-reinforced with grass-
crete pavers or concrete with added rebar.

* Narrow medians (4 feet or less) should only be
used to restrict turning movements, to separate
opposing directions of traffic and to provide space
for traffic control devices (Figure 9.5). A 4-foot

median may also be landscaped with shrubs.

In constrained rights of way, consider narrower me-
dians with attractive hardscape and urban design
features in lieu of planting, or provide a discontinu-
ous median as right of way permits.

Where flush medians are desirable to maintain ac-
cess to fronting property (e.g., suburban commercial
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corridors), consider using textured or colored pav-
ing or stamped concrete for the median lane inter-
spersed with raised landscaped islands to channelize
turning traffic, divide opposing lanes of traffic and
provide pedestrian refuge where appropriate (such as
midblock and intersection crossings).

Landscaping on medians should be designed in a man-
ner that does not obstruct sight-distance triangles.

Recommended Practice

Table 9.1 presents the recommended practice for me-
dian widths for various functions within low-speed
thoroughfares (35 mph or less). The recommenda-
tions assume arterial and collector streets in urban
contexts (C-3 to C-6) with operating speeds of 35
mph or less. Most of the guidance in this report is not
applicable to flush or depressed medians or to raised
medians with mountable curbs. Note that median
widths are measured from face of curb to face of curb.

Additional Guidelines

Additional guidelines regarding medians also include the
following:
* At lower urban speeds (25 to 30 mph) there is no
need to provide an offset between the median curb
face and the travel lane;

Figure 9.5 Narrow medians, such as on this boulevard
in Chicago, should only be used to restrict turning
movements, separate opposing traffic and create space
for traffic control devices. Source: The Congress for the
New Urbanism.

* Dave inside travel lane up to the face of the median
curb unless a gutter pan is required for drainage;
use 6-inch to 1-foot gutter pans unless typical flow
requires more; avoid placement of catch basins in
median gutters;

* Design the median nose using state, local, or
AASHTO guidelines, ensuring proper end treat-
ments to guide vehicles away from the median
and pedestrian refuges;

* Design median turn lanes, tapers and transitions us-
ing state, local, or AASHTO guidelines for intersec-
tion design; and

* Atintersection crossings, where the median is wide
enough (see Table 9.1), extend the median nose
beyond the crosswalk to provide an enclosed pe-

destrian refuge (Figure 9.6).

Trees and Landscaping in Medians

In urban areas, the community may find it desirable
to plant trees in raised curbed medians for aesthetic
purposes. In general, the guidance in this report is
consistent with AASHTO in regards to low-speed ur-
ban thoroughfares. Additional information and miti-
gative strategies on trees within the public right of
way may be found in A Guide for Addressing Collisions
with Trees in Hazardous Locations (TRB 2003). Gen-
eral guidelines for median trees include the following:

Figure 9.6 Median nose extended beyond the crosswalk
to provide an enclosed pedestrian refuge. Source: Kimley-
Horn and Associates, Inc.
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Table 9.1 Recommended Median Widths on Low Speed Walkable Thoroughfares (35 mph or less)

Thoroughfare Type Minimum Recommended

Width Width

Median for access control

All thoroughfare types | 4 feet | 6 feet!
Median for pedestrian refuge

All thoroughfare types | 6 feet | 8 feet
Median for street trees and lighting

All thoroughfare types | 6 feet? | 10 feet®
Median for single left-turn lane

Collector avenues and streets 10 feet® 14 feet
Avrterial boulevards and avenues 12 feet 1618 feet

Median for dual left-turn lane

Arterial boulevards and avenues 20 feet | 22 feet

Median for transitway

Dedicated rail or transit lanes 22 feet | 22-24 feet

Added median width for platforms 10 feet for each side platform
30 feet for center platform

' A 6-foot-wide median is the minimum width for providing a pedestrian refuge.

2 Six feet (measured between curb faces) is generally considered a minimum width for proper growth of small trees less than 4 inches in diameter
at maturity. A 10-foot median is recommended for larger trees.

3 Wider medians to provide generous landscaping are acceptable, if desired by the community. However, avoid designing medians wider than
necessary to support its desired function at intersections. This can reduce the operational efficiency of the intersections and invite undesirable
behavior of crossing traffic such as side-by-side queues, angled stopping and so forth.

4 A 10-foot wide median allows for a striped left-turn lane (9 to 10 feet wide) without a median nose.

* Small-caliper trees can be healthy in medians
that are at least 6 feet wide, as long as a critical
root area is provided. A 10-foot-wide median is
recommended for larger trees. Consult an urban
forester for guidance on health requirements for
trees in medians. Consider the safety issues of
large-caliper trees.

¢ Maintain a horizontal offset (minimum of 18
inches) between the trunk and median curb face
and prune to maintain sight distance (Figure

9.7).

* Trees closer than 50 feet from the ends of medi-
ans must be regularly pruned to maintain sight
distance. Trees should always be located and
maintained so that the motorists’ clear vision
of any traffic control signs or signals will be as-
sured at all times, retaining a vertical clearance

between 2.5 feet (01— 3 feet ﬁ-om pavement sur- Figure 9.7 Maintain a minimum 18-inch offset between
face) and 8 feet from the top of the curb the face of median tree (at maturity) and the face of curb.
p ' Source: Dan Burden, walklive.org.
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Example Landscape Setbacks
from Utilities

Overhead electric—10, 15, or 20 feet, depending on
tree height

Sanitary sewer main—15 feet all tree species

Water main—10, 15, or 20 feet, depending on tree size
Fire hydrant—5 feet all landscaping, 10 feet all trees
Water meter—5 feet all landscaping, 10 feet all trees
Gas lines—5, 10, or 15 feet, depending on tree size

Underground electric—?5, 10, or 15 feet, depending
on tree size

Street lights—10 feet all trees

Electric transformers—10 feet front access, 5 feet oth-
er sides—all landscaping

Switch cabinet—10 feet front and back access, 5 feet
other sides.

Source: Gainesville, FL, Regional Utilities Vegetation
Management Tree Planting Guidelines

* Should the community desire a continuous
canopy of trees in the median, space trees be-
tween 15 and 30 feet on center, depending
upon species.

* Branches that extend beyond the curb into the
travel lane should be pruned to a minimum height
of 13 feet above the pavement.

* Plan tree spacing and canopy height along
with other elements such as light standard
spacing and height, utility placement and
height and traffic control devices to minimize
interference and provide adequate lighting
and sight lines when trees are mature. Con-
tact local utility providers to ensure compli-
ance with required setbacks (see sidebar for an
example of setback requirements).

*  When hardscape is used between median trees,
structural cells (modular, preengineered cell sys-
tems designed for water management, soil and
tree roots), supported reinforced panels, or oth-
er methods should be used to promote healthy
roots under the hardscape.

* To maintain healthy median landscaping, an ade-
quate watering and drainage system needs to be pro-
vided. Drought-tolerant plantings should be used
when an irrigation system is not available. Provide
underdraining when needed for soil conditions.

Landscaping and trees in medians are strongly encour-
aged in context sensitive design, not only for aesthetics
but also for shade, heat island reduction and storm-
water interception. The use of medians for pedestrian
refuge is recommended to reduce the pedestrian barri-
ers created by wide urban arterials and to support safe
design of midblock crossings. As refuges, medians al-
low pedestrians to focus on crossing one direction of
the street at a time, therefore reducing conflicts and
decisions. At intersections, pedestrian refuges assist all
pedestrians, especially the elderly, to safely cross streets

(Figure 9.8).

Some agencies require the use of crash tested barriers
when large trees are planted in narrow medians. Consult
with the agency on aesthetic treatment of such barriers.

Justification

The same rationale for medians on rural highways
and conventional urban streets can be applied to
context-based design of urban thoroughfares—to
provide traffic safety and operational benefits by sep-
arating traffic flows, reducing conflicts and creating

Figure 9.8 This boulevard median serves as a pedestrian
refuge, a community gateway and area for landscaping.
Source: Kimley-Horn and Associates, Inc.
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space for turning vehicles and utilities in the center
of the street. In the design of walkable urban streets,
the use of medians for traffic safety and operations
remains a primary objective but is expanded to em-
phasize the median’s role as an aesthetic amenity to
the street and community and to provide pedestrian
refuge on wider street crossings.

Bicycle Lanes

Background and Purpose

Bicycle travel should be served on multimodal streets.
Bicyclists vary in their level of skill and confidence,
trip purpose and preference for facility types; thus,
the mobility needs of bicyclists in urban contexts vary
as well. Bicycle facilities should encompass a system
of interconnected routes, paths and on-street bicycle
lanes that provide for safe and efficient bicycle travel.
This report focuses only on the provision of bicycle
lanes on major thoroughfares— streets that are des-
ignated as arterials or collectors. Refer to AASHTO’s
Guide for the Development of Bicycle Facilities for plan-
ning and design guidance for other types of bicycle
facilities.

Not all urban thoroughfares will include bicycle
lanes. However, except for freeways and streets
where bicycling is specifically prohibited, bicyclists
are permitted to use any street for travel, even if
bicycle lanes are not provided. The design of bicy-
cle lanes on major urban thoroughfares is typically

Related Thoroughfare
Design Elements

e Cross-section determination

e Lane width

e Bicycle lane treatment at intersections
e On-street parking and configuration
e  Transit design

e Modern roundabouts

e  Curb extensions
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Figure 9.9 A bike lane adjacent to parallel parking on an
avenue. Source: Kimley-Horn and Associates, Inc.

coordinated with a community’s or region’s master
bicycle plan to ensure overall connectivity and the
selection of the best streets for implementation of
bicycle lanes. However, absence of a designation
in a bicycle plan does not exclude the practitio-
ner from providing bicycle lanes if the need exists.
The width of the street and the speed and volume
of adjacent traffic are the most critical factors in
providing safe bicycle lanes. If adequate facilities
cannot be provided, then the safety of both the bi-
cyclist and driver is compromised. In urban areas
the practitioner is faced with two conditions in de-
signing bicycle lanes: adjacent to curb or adjacent
to on-street parking (Figure 9.9). This section ad-
dresses these conditions.

General Principles and
Considerations

Implementation of bicycle lanes can meet many
community objectives, including accessibility, con-
nectivity between destinations, youth mobility and
increased system capacity. General principles and
considerations regarding bicycle lanes include the
following:

* Bicycle lanes are not required on every street.
It is desirable to provide bicycle lanes on major
thoroughfares with target speeds of 30 mph or
more and on streets with high traffic volumes and
speeds less than 30 mph.
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Availability of parallel bicycle facilities does not
eliminate the need to have a bicycle lane on
thoroughfares. Bicyclists need to access proper-
ties along corridors, and they often benefit from
traffic signals and other controls found on urban
thoroughfares.

The decision to place bicycle lanes on major urban
thoroughfares should be based upon a number of
factors, including:

* Interconnectivity between other bicycle facil-
ities and direct connections between origins
and destinations, including transit access
points; and

* Ability to provide a continuous facility and
overcome barriers such as topography, rivers,
railroads, freeways and so forth.

As published in Selecting Roadway Design
Treatments to Accommodate Bicyclists (FHWA,
1994), a “design bicyclist” refers to the skill
level of the bicyclist and, along with the fac-
tors described above, affects decisions on im-
plementation of bicycle lanes. The three types
of bicyclists, each of which has different needs,
are (1) advanced or experienced bicyclists (re-
quire facilities for directness and speed and
are comfortable riding in traffic and shared
lanes), (2) basic or casual bicyclists (require
comfortable and direct routes on lower-speed
and lower-volume thoroughfares and prefer
separated and delineated bicycle facilities),
and (3) children (require adult supervision
and typically only travel on separated paths
or very low-volume and low-speed residential
streets).

Walkable urban thoroughfares should at least meet
the needs of type 2, the basic or casual bicyclists.

When considering additional operating space
in urban areas, it is a constant challenge to
balance competing needs on multimodal
thoroughfares. Nowhere is this more evident
than in providing bicycle facilities. As stated
in the Chapter 9 section on lane width, avoid
combining minimum dimensions to imple-
ment all of the desirable design elements, par-
ticularly on designated bicycle routes.

It is often more prudent to provide the recom-

facilities, curb lanes and parking lanes and to
eliminate other design elements to maximize
bicyclist safety. For example it may be desir-
able to convert a four-lane undivided street to a
three-lane street with left-turn lanes to provide
bicycle lanes rather than narrowing all of the
other design elements to retain four lanes.

Designated bicycle facilities adjacent to head-
in angled parking are discouraged because
of the lack of visibility between bicyclists
and drivers backing out of spaces. Convert-
ing from angled to parallel parking provides
width for bicycle lanes.

Where possible on one-way streets, angled
parking can be implemented on the left side
of the street while the bicycle lane remains
adjacent to parallel parking on the right side
of the street. Some communities use reverse
(back-in) angled parking, which improves
driver visibility of bicyclists (Figure 9.10).

Bicycle travel on sidewalks should be discour-
aged, even if the sidewalk width meets the
width requirements of a shared multi-use path.
Bicycles on sidewalks travel at higher speeds
than pedestrians, creating the potential for se-
rious injury. Bicyclists might collide with ob-
stacles on sidewalks including street furniture,
sign posts and so forth. Additionally, drivers
do not expect bicyclists on sidewalks, creating
conflicts at intersections and driveways. Con-

Figure 9.10 Reverse (back-in) angled parking improves
driver visibility of bicyclists. Source: Dan Burden, walklive.org.

mended or maximum dimensions for bicycle
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Table 9.2 Recommended Practice for Bicycle Lanes on Walkable Urban Thoroughfares

Minimum Width Recommended

Width

Bicycle lane width—combined with on-street parking lane

All thoroughfare types 13 feet 13 feet
Bicycle lane width—no on-street parking
All thoroughfare types 5 feet' 6 feet

Table notes:

" Requires a minimum 3-foot ridable surface outside of gutter pan. If no gutter pan is present, the minimum width is 5 feet.
Bicycle routes without marked lanes are acceptable for low-volume thoroughfares with target speeds of 25 mph or less.

venient alternatives will limit the attractiveness
of sidewalk riding. While on-street facilities
designed to the guidelines above are preferred,
alternative routes on parallel streets or a sepa-
rated off-street multi-use path may be a better
choice in some situations.

The design of bicycle lanes in urban areas is well
documented. Refer to the Manual on Uniform Traf-
fic Control Devices (FHWA 2009) and Guide for the
Development of Bicycle Facilities (AASHTO 1999).
For alternative ways to accommodate bicyclists refer
to Innovative Bicycle Treatments (ITE 2002).

Recommended Practice

Table 9.2 presents the recommended practice for
bicycle facilities on thoroughfares. The recommen-
dations assume arterial and collector streets in urban
contexts with target speeds of 35 mph or less.

Justification

Urban thoroughfares within the bicycle network
should provide bicycle lanes, particularly where the
width of shared lanes is prohibitive or undesirable.
The type and experience level of bicycle riders and the
volume of bicyclists is a consideration in determin-

ing the need for bicycle lanes. Where bicycle lanes are
needed and right of way is constrained, the designer
needs to understand the trade-offs between adding
bicycle lanes and eliminating or reducing the width of
other thoroughfare design elements.

On-Street Parking
Configuration and Width

Background and Purpose

The presence and availability of on-street parking serves
several critical needs on urban thoroughfares: to meet
parking needs of adjacent uses, protect pedestrians
from moving traffic and increase activity on the street.
Usually, on-street parking cannot by itself meet all of
the parking demand created by adjacent land uses and
typically will supplement the off-street parking supply.
On-street parking provides the following benefits:
* Supports local economic activity of merchants
by providing proximate access to local uses, as
well as visitor needs in residential areas;

* Increases pedestrian comfort by providing a buf-
fer between pedestrians and moving traffic help-
ing reduce vehicle splash, noise and fumes;

e Slows traffic, making pedestrian crossing safer;
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* Enables drivers and their passengers to become
pedestrians conveniently and safely;

* DProvides an indication to the motorist that
desired operating speeds are reduced and that
they are entering a low or moderate travel
speed area;

¢ Provides the shortest accessible route to a street
fronting building entrance for pedestrians who
have disabilities;

* Increases pedestrian activity on the street since
people will walk between their parking space
and destination, providing more exposure to
ground floor retail and increasing opportunities
for social interactions;

* Supports local economic activity by increasing
the visibility of storefronts and signs to motorists
parking on street;

* Reduces development costs for small business by
decreasing on-site parking needs, particularly in
urban infill development on small lots;

* Requires less land per space than off-street parking

and is thereby an efficient and cost-effective way to

provide parking; and

* Provides space for on-street loading and un-
loading of trucks, increasing the economic ac-
tivity of the street and supporting commercial
retail uses.

Related Thoroughfare Design Elements
e Lane width
e  Curb extensions
®  Bicycle lanes

e  (Cross-section determination

Trade-Offs

While this report supports on-street parking as an
inherent element of walkable, compact, mixed-use
urban areas and a component of the economic health
of urban businesses, the practitioner designing walk-
able streets should always consider the trade-offs of
integrating on-street parking. These include:

* A reduction in traffic capacity and increased fric-
tion in the flow of trafhic;

* Conflicts with the provision of bicycle lanes and
increased hazards to bicyclists;

* Use of thoroughfare width that could be used for

other functions (e.g., wider streetsides);

* Visual obstructions for pedestrians crossing inter-
sections, vehicles moving along the thoroughfare
and vehicles exiting driveways;

* The need for, and administration of, parking en-
forcement; and

¢ An increase in crashes.

On-street parking can result in a 3 to 30 percent
decrease in the capacity of the adjacent travel lane,
depending on the number of lanes and frequency of
parking maneuvers. The designer needs to balance
traffic capacity and local access needs when deciding
where and when to permit on-street parking. There
are methods for minimizing the impact of parking
maneuvers on traffic flow. For example, see MUTCD
(Figure 3B—17, referenced in Section 3B.18) showing
a parallel parking configuration that allows vehicles to
drive forward into the parking space.

General Principles and
Considerations

General principles and considerations regarding on-
street parking include the following:

* On-street parking should be located based on
the characteristics of the thoroughfare type,
needs of the adjacent land uses and applicable
local policies and plans for parking manage-
ment.

* On-street parking should be primarily parallel
parking on higher-volume urban arterial boule-
vards and avenues. Angled parking may be used
on low-speed and low-volume collector avenues
and streets with ground floor commercial uses,
primarily those serving as main streets (see Fig-
ure 9.11 and the Chapter 6 section on special
thoroughfare types).

* On-street parking should be prohibited on
streets with speeds greater than 35 mph due
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to potential hazards associated with maneu-
vering in and out of spaces.

* Width of the parking space is dependent on the
context zone, thoroughfare type and the anticipat-
ed frequency of parking turnover.

* Conform to local and PROWAG accessibility re-
quirements and provide appropriate number of
accessible spaces.

* Use metered parking, or a similarly appropriate
technology, to enforce parking time limits that
provide reasonable short-term parking for retail
customers and visitors while discouraging long-
term parking.

* In developing and redeveloping areas, provide
the amount of on-street parking for planned,
rather than existing, land use densities. If more
parking is needed, consider public or shared
parking structures or integrate the design of
parking facilities with adjacent land uses.

Recommended Practice

The preferred width of a parallel on-street parking lane
is 8 feet wide on commercial thoroughfares (all types)
or where there is an anticipated high turnover of park-
ing and 7 feet wide on residential thoroughfares. These
dimensions are inclusive of the gutter pan and appli-
cable to all context zones (C-3 through C-6).

s >
Figure 9.11 Angled parking on a retail-oriented

main street in Hayward, CA. Source: Kimley-Horn and
Associates, Inc.

On low-volume, low-speed avenues and streets in
commercial main street areas, where sufficient curb-
to-curb width is available, angled parking may be
appropriate. Angled parking should have the dimen-
sions shown in Table 9.3 for a variety of different
angles. Head-in angled parking can create sight dis-
tance problems associated with vehicles backing out
of parking spaces. The use of reverse (back-in) angled
parking can be used to overcome sight distance con-
cerns and is considered safer for bicyclists traveling

adjacent to angled parking (Figure 9.12).

Table 9.3 Minimum Dimensions for Head-In Angled On-Street Parking™*

Stall Depth
Stall Width

Angle

(Perpendicular to Curb)

Min. Width of

Adjacent Lane Curb Overhang

45° 8.5-9.0 feet 17 feet 8 inches 12 feet 8 inches 1 foot 9 inches
50° 8.5-9.0 feet 18 feet 3 inches 13 feet 3 inches 1 foot 11 inches
55° 8.5-9.0 feet 18 feet 8 inches 13 feet 8 inches 2 feet 1 inches
60° 8.5-9.0 feet 19 feet 0 inches 14 feet 6 inches 2 feet 2 inches
65° 8.5-9.0 feet 19 feet 2 inches 15 feet 5 inches 2 feet 3 inches
70° 8.5-9.0 feet 19 feet 3 inches 16 feet 6 inches 2 feet 4 inches
90° 8.5-9.0 feet 18 feet 0 inches 24 feet 0 inches 2 feet 6 inches

Source: Dimensions of Parking, 4th Edition, Urban Land Institute

Notes:

Typical design vehicle dimensions: 6 feet 7 inches by 17 feet 0 inches. Use 9.0 feet wide stall in commercial areas with moderate to high parking turnover.

*For back-in angled parking, reduce curb overhang by one foot.

itez=
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Figure 9.12 Reverse (back-in) angled parking improves
driver visibility. Source: Dan Burden, walklive.org.

Additional Guidelines

Additional guidelines regarding on-street parking in-
clude the following:

*  Where traffic capacity needs to be balanced with
on-street parking, consider using the curb lane
for parking during off-peak periods and for traffic
during peak periods. It is important to consider the
trade-offs of this strategy. It requires consistent dai-
ly enforcement and immediate towing of violators.
Removal of parking will impact the walkability of
the streetside by removing the parking buffer. This
strategy should be used when trafhic congestion
causes significant impacts to adjacent residential
neighborhoods or in conditions with poorly con-
nected networks and limited alternative routes.

* Angled parking should be allowed in C-4 and
C-5 context zones where operating speeds are 25
mph or less and where the community finds the
delay produced by parking maneuvers accept-
able. Where practical or on bicycle routes, back-
in diagonal parking is preferable to front-in
parking. Consider the trade-offs associated with
different angles of parking; lower-angle parking
results in fewer parking spaces, while higher-
angle parking requires a wider adjacent travel
lane to keep vehicles exiting parking spaces from
backing into the opposing travel lane.

* For parallel parking provide a minimum 1.5-
foot wide operational offset between the face
of curb and edge of potential obstructions

such as trees and poles. This will allow the un-
obstructed opening of car doors.

* Parking should be prohibited within 10 feet of
either side of fire hydrants (or per local code), at
least 20 feet from nearside of midblock crosswalks
(those without curb extensions) and at least 20 feet
from the curb return of intersections (30 feet from
an approach to a signalized intersection) unless
curb extensions are provided (see Chapter 10).

* At bus stops, intersections and various mid-
block locations, extend curbs by 6 feet into the
parking lane to improve pedestrian visibility
and to provide additional space for street fur-
niture and landscaping (see Chapter 10 section
on curb extensions).

* Reverse (back-in) angled parking requires a wid-
er edge zone in the streetside due to the longer
overhang at the rear of most vehicles. This extra
width can be compensated by the narrower trav-
el lane needed adjacent to parking for maneu-
vering and less depth for the parking stall since
the longer overhang is over the curb.

Justification

The recommendations in this report are based on the
principles presented in the AASHTO Green Book and
pedestrian facilities guide. The Green Book states that
the “designer should consider on-street parking so that
the proposed street or highway improvement will be
compatible with the land use ... the type of on-street
parking should depend on the specific function and
width of the street, the adjacent land use, traffic volume,
as well as existing and anticipated traffic operations.”

Geometric Transition Design

Background and Purpose

Transitions refer to a change in the width or speed of
a thoroughfare or the need to laterally shift vehicles. In
terms of geometric design, transitions refer to the provi-
sion of an adequate taper where lanes shift or narrow,
shoulders widen, lanes diverge or merge and where de-
celeration lanes are provided. Geometric transitions are
usually required when there is a change in the thorough-
fare type and associated change in width, particularly
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where functional classification and speed
changes and where a change in the width
of roadway, either a narrowing or widen-
ing of lanes, or a decrease or increase in
number of lanes is introduced. Refer to
the section transition principles earlier in
this chapter for guidance on nongeometric
transitions.

Recommended Practice

For changes in roadway width and space
designing a geometric transition such as a
lateral shift, lane addition or drop, lane or
shoulder narrowing and so forth, use the
established guidance in the MUTCD,
where the length of the transition taper
is computed by the following equation:

* L= W§/60 (for speeds less than
45 mph)

where L equals the length of the transition
taper (feet), W equals the width of the lat-
eral shift or offset (feet) and S equals the
85th percentile operating speed in mph or
posted speed in mph (whichever is higher)
or the target speed in new construction

projects (Figure 9.13).

A:From 3 Lanes
to 2 Lanes

B: From 4 Lanes
to 3 Lanes

C:From 4 Lanes
to 2 Lanes

Lane Reduction Markings

L = Length in feet

S = Posted, 85th-percentile,
or statutory speed in mph

W= Offset in feet

d = Advance warning distance

For speeds 45 mph or more: L='WS$§
For speeds under 45 mph: L= WS5¥60

Additional Guidelines

Figure 9.13 Typical transition design and markings. Source:

Community, Design + Architecture, adapted from the Manual on

* Transitions should be accom-
panied by appropriate warning
signs (refer to MUTCD).

* Transitions should occur on a tangent section
of roadway, avoiding areas with horizontal
and vertical sight distance constraints.

* Ensure the entire transition length is visible
to the driver.

* The transition design described above is unnec-
essary when roadways widen or lanes are added.
In these cases, a transition taper of 10 to 1 is
sufficient. Speed-change lanes at intersections
(transitions to left- or right-turn lanes) usually
require a shorter taper and deceleration distance.
AASHTO recommends 100 feet for single-turn

lanes and 150 feet for dual-turn lanes.

Uniform Traffic Control Devices (FHWA).

Four-Lane to Three-Lane
Conversions (Road Diets)

A road diet is the conversion of a wide street to a nar-
rower one, such as the conversion of a four-lane undi-
vided thoroughfare into a three-lane street composed
of two travel lanes and a two-way left-turn lane. This
conversion provides additional space to accommodate
other desirable features such as bike lanes, wider street-
sides, pedestrian refuge, landscaping, or on-street park-
ing. Case studies demonstrate that road diets reduce
conflicts at intersections, reduce accidents and have
minimal effects on traffic capacity and diversion on
thoroughfares under 20,000 vehicles per day.
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Three-lane roadways can improve emergency re-
sponse by allowing emergency vehicles to bypass
congestion by using the two-way left-turn lane.
They create opportunities for pedestrian refuges at
midblock and intersection crossings and eliminate
the common “multiple threat” hazards pedestrians
experience crossing four-lane roads. Other benefits
include easier egress from driveways (improved sight
distance), smaller curb return radius by increasing
the effective radius of the road, improvements for
transit (allows curbside stops outside of travel lane)
and buffers street tree branches from closely passing
trucks. Road diets can improve the flow of traffic
and reduce travel speeds, particularly when used in
conjunction with roundabouts (see Chapter 10 sec-
tion on modern roundabouts). Figure 9.14 shows a
street before and after a road diet.

Converting four-lane roads to three lanes and add-
ing a raised median and on-street parking may re-
sult in the thoroughfare failing to meet local fire
districts minimum clear travelway requirements.
See discussion on emergency vehicle operations
earlier in this chapter.

For more detailed information, design guidance
and case studies, refer to Road Diet Handbook: Set-
ting Trends for Livable Streets, Second Edition (Par-
sons Brinkerhoff, Rosales, 2007).

Midblock Crossings

Background and Purpose

Midblock crossings provide convenient locations for
pedestrians to cross urban thoroughfares in areas with
infrequent intersection crossings or where the nearest
intersection crossing creates substantial out-of-direction
travel. When the spacing of intersection crossings is
far apart or when the pedestrian destination is directly
across the street, pedestrians will cross where necessary
to get to their destination directly and conveniently,
exposing themselves to traffic where drivers might not
expect them. Midblock crossings, therefore, respond to
pedestrian behavior. Properly designed and visible mid-
block crosswalks, signals and warning signs warn drivers
of potential pedestrians, protect crossing pedestrians and
encourage walking in high-activity areas.

Related Thoroughfare Design Elements
e On-street parking
e  Pedestrian refuge islands
e Medians
e  Curb extensions

e Bicycle lanes

General Principles and
Considerations

Installing midblock crosswalks can help channel pe-
destrians to the safest midblock location, provide vi-
sual cues to allow approaching motorists to anticipate
pedestrian activity and unexpected stopped vehicles
and provide pedestrians with reasonable opportuni-
ties to cross during heavy traffic periods when there
are few natural gaps in the approaching traffic streams
(Figure 9.15). General principles and considerations
regarding midblock crossings include the following:

* Appropriate stopping sight distance is a criti-
cal part of the design of midblock crossings.
Refer to AASHTO?’s Policy on Geometric De-
sign of Streets and Highways (2004) for guid-
ance in determining sight distance.

* The practitioner should always evaluate a number
of factors before installing midblock crosswalks,
including proximity to other crossing points, sight
distance, vehicle speed, crash records, illumination,
traffic volumes, pedestrian volumes and nearby pe-
destrian generators.

* Inthe urban environment, pedestrians should not
be expected to make excessive or inconvenient
diversions in their travel path to cross at an in-
tersection. On the other hand, because midblock
crossings are not generally expected by motorists,
they should be used only where truly needed and
appropriately signed, marked and illuminated.

* Midblock crossings should be identifiable to pe-
destrians with vision impairments. Where there
is a signal, a locator tone at the pedestrian de-
tector might be sufficient. A tactile strip across

the width of the sidewalk at the curbline and
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Figure 9.14 Before and after
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illustration of a road die

t. Source: Claire Vlach, Bottomley Design & Planning.
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at pedestrian refuge islands needs to be used so
that visually impaired pedestrians are alerted to
the presence of the crossing,.

* For a crosswalk to exist at a midblock location, it
must be a marked crosswalk and have high visibil-
ity to drivers who may not anticipate a midblock
crossing. Midblock crosswalks should be marked
with a higher-visibility crosswalk marking such as
longitudinal or diagonal lines or should be con-
structed with a high-contrast alternative pavement.

* When an unsignalized midblock crosswalk is in-
stalled, warning signs should be placed for both
directions of traffic. A pedestrian warning sign
with an “AHEAD” notice or a distance plaque
should be placed in advance of the crossing,
and a pedestrian warning sign with a downward
diagonal arrow plaque should be placed at the
crossing location. On multilane facilities, an ad-
vanced stop bar should be considered.

Recommended Practice

The recommended practice for midblock crossings
on urban thoroughfares is shown in Table 9.4. Ex-

amples are provided in Figures 9.16 through 9.19.

Justification

Street life and activity entering and leaving build-
ings are often oriented toward midblock locations
rather than intersections. Pedestrian convenience
is related to walking distance as well as safety in
crossing the roadway. Well-designed midblock
crosswalks are highly visible to motorists, bicyclists
and pedestrians; reduce walking distance; and con-
tribute to pedestrian convenience.

Figure 9.15 Midblock crosswalks provide opportunities to cross streets with long distances between intersection crossings.
Source: Claire Vlach, Bottomley Design & Planning.
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Table 9.4 Recommended Practice for Midblock Crossings

The decision to locate a midblock crosswalk will be based on numerous factors. Generally, however, consider providing a marked midblock
crossing when protected intersection crossings are spaced greater than 400 feet or so that crosswalks are located no greater than 200 to 300
feet apart in high pedestrian volume locations, and meet the criteria below.

Midblock crossings may be considered when there is significant pedestrian demand to cross a street between intersections, such as connecting
to major generators or transit stops.

Midblock crosswalks should be located at least 100 feet from the nearest side street or driveway so that drivers turning onto the major street
have a chance to notice pedestrians and properly yield to pedestrians who are crossing the street.

Criteria

Streets with an average daily traffic volume (ADT) of 12,000 vehicles per day or less.

Multilane streets carrying less than 15,000 ADT if a raised pedestrian refuge median is provided.

Operating speeds less than 40 mph.

A minimum pedestrian crossing volume of 25 pedestrians per hour for at least four hours of a typical day.

Adequate sight distance is available for pedestrians and motorists.

Recommendations
Conform to PROWAG guidelines for the disabled and visually impaired.

Unsignalized midblock crosswalks should not be provided on streets where traffic volumes do not have gaps in the traffic stream long enough
for a pedestrian to walk to the other side or to a median refuge. At locations with inadequate gaps that also meet MUTCD signalization war-
rants, consider a signalized midblock crossing.

Consider a signalized midblock crosswalk (including locator tone and audio pedestrian signal output as well as visual pedestrian countdown
signal heads) where pedestrians must wait more than an average of 60 seconds for an appropriate gap in the traffic stream. When average
wait times exceed 60 seconds, pedestrians tend to become impatient and cross during inadequate gaps in traffic. If this initial threshold is met,
check pedestrian signal warrants in the MUTCD.

Provide overhead safety lighting on the approach sides of both ends of midblock crosswalks.

Provide wheelchair ramps or at-grade channels at midblock crosswalks with curbs and medians.

Provide raised median pedestrian refuge at midblock crossings where the total crossing width is greater than 60 feet, and on any unsignalized
multi-lane thoroughfare crossing.

Use high-visibility (ladder-style) crosswalk markings to increase visibility longitudinally.

Provide advance stop or yield lines to reduce multiple-threat crashes.

Provide advance crosswalk warning signs for vehicle traffic.

Provide curb extensions at midblock crosswalks with illumination and signing to increase pedestrian and driver visibility.

“Z" crossing configurations should be used for midblock crossings with medians wherever possible (see Figure 9.16). Provide an at-grade
channel in median at a 45-degree angle toward advancing traffic to encourage pedestrians to look for oncoming traffic.

Other Considerations

A strategy to calm traffic speeds in advance of and at a midblock crossing is to raise the pavement to meet the sidewalk elevation by use of
gentle ramps (see Figure 9.17). Consider use of overhead flashing beacons.

Sources:

Safety Effects of Marked vs. Unmarked Crosswalks at Uncontrolled Locations, FHWA, 2002
Manual on Uniform Traffic Control Devices, FHWA, 2009 Edition

Guide for the Planning, Design and Operation of Pedestrian Facilities, AASHTO, 2004
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Figure 9.16 Midblock crossings with a “Z" configuration force pedestrians crossing the median to look toward
oncoming traffic. Avoid street trees that interfere with visibility. Source: Kimley-Horn and Associates, Inc.

Figure 9.17 The raised roadway crosswalk concept combines midblock crosswalks with traffic calming devices. Source:
Kimley-Horn and Associates, Inc.
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Figure 9.18 Midblock crossing with pedestrian detection and in-pavement
lights. Source: Kimley-Horn and Associates, Inc.
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Figure 9.20 Refuge islands can be used at midblock locations, channelized right turns, or at long intersection crossings.

Source: Kimley-Horn and Associates, Inc.

Pedestrian Refuge Islands

Background and Purpose

Refuge islands provide pedestrians and bicyclists a
refuge area within intersection and midblock cross-
ings. While in walkable urban areas it is desirable

Related Thoroughfare Design Elements
e lane width
®  Right-turn channelization
e Modern roundabouts
e  Medians
e Midblock crossings

e Curb extensions

that thoroughfares have short crossings, on wide
thoroughfares, or where less mobile pedestrians
need to cross, refuge islands provide a location for
pedestrians or bicyclists to wait partially through
their crossing. Refuge islands also break up cross-
walks at complex multilane and multilegged inter-
sections into shorter and easier portions for pedes-
trians to cross.

General Considerations

Refuge islands are provided in the median and on
right-turn channelized islands (Figure 9.20). Refuge
islands should be considered for intersections and mid-
block crossings for which one or more of the following
conditions apply:

* Unsignalized midblock and intersection cross-
ings of a high-volume thoroughfare of four or
more lanes to allow crossing pedestrians and bi-
cyclists to concentrate on crossing one direction
of travel at a time; or
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* Signalized crossings frequently used by a num-
ber of people who walk slower than 3.5 feet per
second, such as older persons, schoolchildren,
persons with disabilities and so forth.

At signalized intersections, the provision of pedes-
trian refuges increases the crossing distance of most
pedestrians (walking at a rate of 3.5 to 4 feet per
second) who do not need to use the refuge and in-
creases the traffic signal’s overall cycle length and
resulting delay (delay that is also experienced by
pedestrians). Thus, the practitioner needs to bal-
ance the needs of all users when considering a ref-
uge in the second condition above.

Recommended Practice

Recommended practices regarding pedestrian refuge
islands include the following:

* Islands should be sufhiciently large to command
attention. For pedestrian refuge, islands should
have an area at least 120 square feet with mini-
mum dimensions of 6 feet wide and 20 feet long.

* Refuge islands are generally good practice in ur-
ban areas to reduce pedestrian exposure to traf-
fic. Specifically, refuge islands may be considered
on urban thoroughfares where the unsignalized
pedestrian crossing crosses four or more lanes or
greater than 60 feet, or under special circum-
stances such as school crossings and where el-
derly pedestrians cross.

* Medians expected to be used as pedestrian ref-
uges should have vertical curbs to delineate
the pedestrian refuge from the surrounding
roadway.

* If part of a designated multi-use trail system, ref-
uge islands are recommended to be 10 feet wide
(8 feet minimum).

* Crossing through pedestrian refuges must be
accessible with channels at street grade, detect-
able warnings and audio and visual output at
signalized crossings.

ite=

Justification

Short crosswalks help pedestrians cross streets more
safely with less exposure to vehicle traffic. They also
require shorter pedestrian signal phases to cross,
thereby reducing traffic delays. Pedestrian comfort
and safety when crossing wide intersections is an
essential component of good pedestrian facility
design. On wide streets, the median can provide
a refuge for those who begin crossing too late or
are slow walkers. At unsignalized intersection and
midblock crossings, medians permit crossings to
be accomplished in two stages, so that pedestrians
only have to concentrate on crossing one direction
of the roadway at a time.

Transit Design

Background and Purpose

Many urban thoroughfares accommodate public
transportation. The types of services accommodated
on thoroughfares ranges from local bus service to bus
rapid transit (BRT) to trolleys and light rail transit
(LRT). These types of transit service can be accom-
modated either within a dedicated right of way in the
thoroughfare or in mixed-flow lanes. In both cases
the design of the thoroughfare needs to consider the
special requirements of transit vehicles, running ways
and operations, whether they exist or are planned for
the future. The purpose of this section is to identify

Related Thoroughfare Design Elements
e  Cross-section determination
e Lane width
e Medians
e  Bike lanes
e  Curb return radii
e  Curb extensions
e Bus stops in the traveled way

e  Bus stops at intersections
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Table 9.5 Types of Public Transportation Using Urban Thoroughfares

Transit Type Definition

Local Bus Bus service operating at a fixed frequency that serves designated stops along a fixed route. Fares are
collected onboard by the bus operator. Local bus service usually operates in mixed-flow lanes on urban
thoroughfares. The typical average operating speed is low and is dependent on the operating speed of the
urban thoroughfare.

Rapid Bus Bus service similar to local bus serves designated stops along fixed route but with fewer stops than local
service. This service is also known as commuter express. Fares are collected onboard by the bus operator.
Rapid bus service usually operates along mixed-flow lanes on urban thoroughfares. Rapid buses may
operate only during peak travel periods along peak directions. Some rapid bus systems use transit priority
signal systems to improve headways, and queue jump lanes to bypass congestion at intersections.

Bus Rapid Transit (BRT) Enhanced bus service that operates within its own right of way or designated lanes along the urban thor-
oughfares. BRT may utilize off-board fare collection to minimize boarding delays. BRT stops are typically
spaced one mile apart and operate with high-frequency headways. The average speed of BRT is higher
than that of rapid bus. BRT buses and stations are branded to distinguish them from local bus services.
Stations frequently have more passenger amenities than typical bus stops. BRT systems use transit priority
signal systems to improve headways, and queue jump lanes to bypass congestion at intersections.

Streetcar/Light Rail Transit (LRT) | Streetcars and LRT are fixed guideway transit systems. Streetcars (or trolleys) are electrically powered ve-
hicles that may share the street with other modes of transportation and operate in mixed-flow lanes. LRT
is typically electrical powered rail cars within exclusive rights of way in thoroughfare medians but may also
operate in mixed-flow lanes. LRT is provided with traffic signal prioritization at intersections and requires
special signal phasing to reduce conflicts. LRT utilizes off-board fare collection at transit stations. Transit
stations, whether on the median or edges of thoroughfares, may require substantial right of way.

the key elements of transit that affect the design of  Types of Transit on Thoroughfares
thoroughfares. Detailed design guidance on dedi-

cated transitways, particularly for rail systems, is be- The different types of public transportation systems
yond the scope of this report, but the information that use urban thoroughfares have varying physical
presented here can inform the thoroughfare planning and operating characteristics that will establish the
and design process. design controls and geometric design parameters in
thoroughfare design. It is important for the practi-
tioner to understand the dimensions and capabilities
of the type of transit using, or expecting to use, the
thoroughfare and the ramifications the transit vehi-
cles, their operation and their stops and stations will
have on the design of the thoroughfare.

Table 9.5 describes the common types of public
transportation systems using urban thoroughfares.

Transit Facilities on Thoroughfares

Transit on urban thoroughfares can utilize one or
more of the following running way configurations:
¢  Mixed-flow travel lanes;

e Transit or high-occupancy vehicle (HOV) lanes

in median or adjacent to mixed-flow lanes used

Figure 9.21 An example of a dedicated transitway in
the outside lane of an urban thoroughfare. Note the bike o . . .
lane located between the curb and the transitway. Source: for transit either full time or during peak periods;

Kimley-Horn and Associates, Inc.
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¢ Reversible or contraflow dedicated transit lanes
(in median or in outside travel lanes);

* Dedicated and separated transitway in inside or
outside travel lanes (Figures 9.21 and 9.22); and

* Dedicated and separated transitway within thor-
oughfare median (Figure 9.23);

* Transit-only streets, busways, or transit malls.

Each running way configuration requires that the
practitioner understand the right of way and di-
mensions required (not only for the running ways
but for stops and stations), the transition required
when changing from one configuration to another
and how the transit vehicle will use intersections.
Further, rail systems can be single tracked, double
tracked, or both, which affects thoroughfare width
planning.

Like running ways, bus and rail stops and stations can
have multiple configurations depending on the type
of transit, the available right of way, the type of ser-
vice and other factors. As used in this report, a “stop”
is a location where a transit vehicles stops to allow
passengers to board or alight. A stop, at a minimum,
is identified by a sign but may have some passenger
amenities such as benches and shelters. A “station” is
a more elaborate transit stop with substantial passen-
ger amenities and may have facilities such as ticket

offices, restrooms, or other services. Stations may ac-
commodate multiple vehicles or have integrated in-
termodal facilities. Stops and stations can utilize one
or more of the following configurations:

Local, Rapid and Bus Rapid Transit

* Midblock bus stop (curbside, pullout or bay, or
bus bulb; see section on Bus Stops in the Trav-
eled Way in this chapter);

* Near-side or far-side intersection bus stop (curb-
side, pullout or bay, or bus bulb; see Bus Stops at
Intersections in Chapter 10); and

* Center median station with single center or dual
outside platforms (midblock or near and far side
of intersection), potentially with crossover for
buses with right-side doors.

Light Rail, Streetcar, or Trolley Transit

* Median station with dual side platforms;
* Median station with single center platform;

* Median station with single side platform (mid-
block or near and far side of intersection); and

* Curbside station at outside edge of thoroughfare
traveled way.

The thoroughfare designer needs to coordinate with
the responsible transit agencies to identify the appro-

Figure 9.22 A simulation of a bus rapid transit center
median station with dual outside platforms located at the
far side of an intersection. Source: AC Transit.

Figure 9.23 This thoroughfare in Houston, Texas has
light rail transit running in dedicated inside travel lanes.
Source: Texas Transportation Institute.
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Table 9.6 Integrating Transit into Thoroughfare Planning and Project Development

Thoroughfare Planning or Project

Development Stage

Transit Considerations

Systems and Network Planning
Identify thoroughfare network deficiencies and conceptual solutions

Identify transit system deficiencies and long range transit needs

Corridor Planning
Develop and assess alternatives for corridor

Develop and assess thoroughfare and transit alternatives within the
corridor

Project Scoping
Develop project definitions that address deficiencies

Identify transit elements to be included in the definition of thorough-
fare projects

Programming
Prioritize projects and define program based on funding availability

Develop transit project phasing and identify transit elements to be
included in project funding

Environmental and Design
Design project, assess impacts and estimate cost

Identify transit requirements to be integrated into thoroughfare design

Adapted from Transit Vehicles and Facilities on Streets and Highways (Phase ll) Final Report. Transit Cooperative Research Program Project D-09,

2007. Privileged Document.

priate running way configuration, transitions and lo-
cation and design of stops and stations.

Planning for Transit

Transit systems are planned at the regional, citywide and/
or corridor level (see Chapter 2). Most large-scale rail
transit system decisions (technology, type, service and
routing) are made in statewide or regional long-range
transportation plans. Typically, an alternatives analysis
that evaluates the feasibility of implementing the transit
system on the proposed routes is prepared for major pub-
lic transportation systems such as LRT or BRT that seck
federal funding. These studies may even include prelimi-
nary engineering. Transit systems planning and corridor
planning follow the same general process outlined in
Chapter 2 for the thoroughfare planning process.

Transit considerations can be integrated into thor-
oughfare planning and design at several stages within
the regional planning, corridor planning and project
development processes as outlined in Table 9.6.

When designing thoroughfares that are identified as
future transit corridors, the practitioner will need to
consider a number of factors in order to reserve the ap-
propriate right of way and to ensure the design is rela-
tively easily converted to accommodate transit. Some
of these factors are identified in Table 9.7. In addition
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to specific design issues, the practitioner may need to
consider other planning considerations such as:

* Potential for converting bus transit to LRT needs
to consider LRT design parameters for vertical
clearance, track integration, right of way, grades,
pavement structural design, drainage and utili-
ties for LRT power and communication.

* Stop and station locations and spacing to meet
changing context and future development.

* Potential change in transit routing.

* Alternatives analysis and trade-offs assessment
of transit priority treatments.

* Coordinating with transit agencies to install
fiber-optic cabling to serve intelligent transpor-
tation systems (I'TS) on transit corridors, such
as automated passenger information systems at
stops and stations.

Transit Design Parameters

Although it is not the intent of this report to present
guidelines for the extensive field of transit facility de-
sign, Table 9.8 presents a select number of minimum
dimensions and design parameters for some of the
more common transit facility components that might
be useful to the thoroughfare design practitioner in
determining cross-sectional elements.
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Table 9.7 Transit Related Factors to Consider in Thoroughfare Design

Thoroughfare Design

Component

Factors to be Considered

Streetside (Chapter 8) Streetside width at stops or stations
Space for passenger requirements such as shelters, seating, waiting areas, trees, lighting and so forth.
Accessibility requirements (lift pads)

Traveled Way (Chapter 9) Available total right of way to accommodate running ways, stops and stations

Lane width to accommodate transit vehicle in mixed-flow lanes

Type of running way and separation (dedicated transitway, reversible/contraflow, HOV, median lanes,

concurrent lanes)

Median width to accommodate running ways and stations

Pedestrian access to median stations

Ability to accommodate on-street parking on transit streets

Parking restrictions near stops and stations

Bike/bus conflicts where buses stop in bike lane

Pavement depth to accommodate buses; concrete pads at bus stops

Additional width for transit facilities versus pedestrian crossing distance

Roadway structural design for LRT

Horizontal and vertical clearances for transit; maintenance requirements such as tree pruning

Necessity for bus bays

Transit operations on one-way streets, location of stops, turns

Provision of an enforcement area on exclusive bus facilities (e.g., extended bus turnouts)

Prohibition of turns across median running ways

Overhead clearance for catenary power supply or trolley wires and space to mount poles

Intersections (Chapter 10)

Transit vehicle turning radius and curb return/extension design

Queue jump lanes and special signal phasing

Accommodating transit vehicles in roundabouts

Near-side or far-side bus stops, BRT or rail stations and traffic operations

Transit priority signal systems or special phasing for rapid and BRT

Bus priority treatments; intersection design when contraflow bus lanes are used

Special signal phasing and equipment for LRT

Vehicle left-turn lanes adjacent to median stations

Vehicle turn prohibitions in constrained rights of way or for operational efficiency

Curb extension bus stop versus curbside stop

Pavement grades through intersections and bus passenger comfort

Movement restrictions and bus exemptions
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Table 9.8 Minimum Dimensions for Transit Facilities in Thoroughfares

Transit Facility or Design Element Minimum Dimension

Lane width to accommodate standard urban bus, 11 feet
LRT vehicle, or streetcar

Curbside bus stop length and no-parking zone (add 20 feet for articulated vehicles)

Near-side bus stop 100 feet
Far-side bus stop 80 feet
(Plus 5 feet from crosswalk or curb return)
Far-side bus stop after turn 90 feet
(Plus 5 feet from crosswalk or curb return)
Midblock 120 feet
Bus bulb stop length (near side or far side) 40 feet
Distance between front of vehicle at near-side stop and crosswalk 10 feet
Single-side LRT/BRT platform width conforming to ADA guidelines 10 feet
(8 feet plus 2 feet tactile strip)
Distance between LRT double track centerlines 12 feet
Maximum grade for LRT operation 6%
Height of platform Low: 10 inches
High: 36 inches
Width of two-track LRT channel 22 feet
Vertical clearance for LRT (top of rail to bottom of wire) 11.5 feet
Width of right of reserve for two tracks 19-33 feet
LRT/BRT station widths (including running way)
Dual outside platforms 41 feet
Single center platform 55 feet
Single outside platform 31 feet
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Bus Stops in the Traveled Way

Background and Purpose

There are more than 9.4 billion trips made by transit
in the United States each year, with nearly 5.3 billion
trips made by bus (National Transit Database 20006).
Buses are the most common form of mass transit in
the country, and the majority of bus travel occurs on
urban thoroughfares in metropolitan areas. Since urban
thoroughfares serve as the primary access and mobility
routes for mass transit, they are the best locations for
investment in transit facilities and public amenities that
provide direct access to bus stops and functional, at-
tractive and comfortable places to wait for transit. The
placement and design of bus stops affect the efficiency of
the transit system, traffic operations, safety and people’s
choices to use transit. Since there is no equivalent to
the AASHTO Green Book for transit design guidance,
transit agencies develop guidelines and practices for bus
stop planning, placement and design. Design guidelines
include compliance with ADA requirements to ensure
that transit is accessible. This section addresses general
guidance for the planning and design of bus stops on ur-
ban thoroughfares compiled from the design guidelines
of transit agencies. Location-specific guidance should be
obtained from local transit agencies.

Related Thoroughfare Design Elements
e lane width
e  Midblock crossings
e  Curb extensions
e  Transit design

e  On-street parking and configuration

General Principles and
Considerations

Fundamentals of Bus Stop Placement

The location of a bus stop must address both traffic
operations and passenger accessibility issues. If pos-
sible, the bus stop should be located in an area where
typical amenities, such as a bench or shelter, can be
placed in the public right of way. A bus stop location

should consider potential ridership, traffic and rider
safety and bus operations elements that require site-
specific evaluation. Significant emphasis should be
placed on factors affecting personal security. Well-lit
open spaces visible from the street create a safer en-
vironment for waiting passengers.

ements to consider when determining bus sto
El ts t der when det g bus st
placement include:

* Proximity to major trip generators;

e Presence of sidewalks, crosswalks and curb
ramps;

* Nearby enhanced crossings, either midblock or
at an intersection;

* Access for people with disabilities;
* DPassenger transfers to other routes; and

* Effect on adjacent property owners.

Traffic and rider safety elements to consider in bus
stop placement include:
* Conflict between buses, other traffic and pedes-
trians;

* Crossing to an opposite bus stop—every bus stop
should be considered a pedestrian crossing point;

* DPassenger protection from passing traffic;
e Width of sidewalks;

* Width of furnishings zone as well as locations of
any obstructions;

* DPedestrian activity adjacent to stop;
* All weather surface to step to/from the bus;

* Open and visible spaces for personal security
and passenger visibility; and

¢ Street illumination.

Bus operations elements to consider in bus stop place-
ment include:
* Accessibility and availability of convenient curb
space;
* Adequate curb space for the number of buses
expected at the stop at any one time;

* On-street automobile parking and truck deliv-
ery zones;
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Table 9.9 Advantages and Disadvantages of Midblock Bus Stops

Advantages Disadvantages

Minimizes sight distance problems for motorists and pedestrians

Requires additional distance for no-parking restrictions

Might result in passenger waiting areas experiencing less pedestrian
congestion

Increases walking distance for patrons crossing at an intersection or
requires special features to assist pedestrians with midblock crossing

Might be closer to passenger origins or destinations on long blocks

Encourages uncontrolled midblock pedestrian crossings

Might result in less interference with traffic flow

Only serves adjacent generators and does not afford system transfers
to other lines often found at intersections

* Traffic control devices near the bus stop, such as

signals or STOP signs;

* Volumes and turning movements of other traf-
fic, including bicycles;

* Proximity and traffic volumes of nearby driveways;
* Street grade;
* Ease of reentering traffic stream; and

* Proximity to rail crossings.

The preferred location for bus stops is the near side
or far side of an intersection (see the section on inter-
section bus stops in Chapter 10). Intersection stops
provide the best pedestrian accessibility from both
sides of the street and the cross streets and provides
connection to intersecting bus routes.

Bus stops may also be placed at a midblock location
on long blocks or to serve a major transit generator.
At midblock bus stops ensure crosswalks are placed
behind the bus stop, so passengers do not cross in
front of the bus, where they are hidden from passing
traffic. Table 9.9 presents the advantages and disad-

vantages of midblock bus stops.

Stops should be placed to minimize the difficulties as-
sociated with lane changes and weaving maneuvers of
approaching vehicles. Where it is not acceptable to stop
the bus in traffic and a bus pullout is justified, a far-side

164

Standard transit bus dimensions

Overall height: 10 feet, 6 inches

Overall width: 10 feet, 4 inches (including mirrors)
Overall length (large bus): 40 feet

Overall length (articulated bus): 60 feet

Wheelchair lift dimensions
Width: 4 feet

Extension (from edge of bus): 4 feet, 6 inches

Turning radii

40-foot coach:
Inner rear wheel — 25.5 feet
Outer front corner — 47.8 feet
Centerline radius — 40.8 feet

60-foot articulated:
Inner rear wheel — 21.3 feet
Outer front corner — 44.3 feet
Centerline radius — 35.5 feet

Source: Orange County Transportation Authority
(OCTA) Bus Stop Safety and Design Guidelines,
Orange County, California
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or midblock curbside stop is generally preferred (see
section on intersection bus stops in Chapter 10).

Spacing of Bus Stops

Optimal bus stop spacing varies depending upon the
type of transit service provided, urban context zone,
location of major attractors, physical barriers and local
community goals. Appropriate spacing ranges from
400 to 500 feet for downtown circulator shuttles and
low-volume community service routes to greater than
2,000 feet (up to one mile) for bus rapid transit and
express lines. Designers should consult with the local
transit provider for design guidance on bus stop spac-
ing and placement.

Recommended Practice

Design Vehicle

On urban thoroughfares with transit routes, the bus
is one of the design vehicles used in thoroughfare de-
sign. Some transit agencies use smaller, urban-scaled
transit vehicles (32-foot coach) and use of vehicles
with the smallest possible turning radii should be
encouraged. Most fleets use standard coaches with
the design specifications described here. Important
dimensions of standard and articulated buses are
shown in the sidebar, including the turning radii re-
quirements for a 40-foot coach and 60-foot articu-
lated bus. The minimum inside radius is 21 to 26
feet and the minimum outer radius is 44 to 48 feet.
Turning templates should be used in the design of
facilities to identify curb return radius and required
pavement width to avoid vehicle encroachment into
opposing travel lanes. Additional allowance should
be made for:

* Bicycle racks on front of bus (which adds 3 feet

to the length of the bus); and

* Restrictions to bus overhang.

Parking Restrictions at Bus Stops

It is important that parking restrictions (either curb
markings or NO PARKING signs) be placed at bus
zones (Figure 9.24). The lack of parking restrictions
impacts bus operations, traffic movement, safe sight
distance and passenger access. Considerations in-
clude:

itez=

Figure 9.24 Parking restrictions at a bus stop.
Source: Texas Transportation Institute.

* Bus may have to double park when at a stop,
interfering with traffic movements;

* Passengers would have to maneuver between
parked vehicles when entering or exiting the
bus, which can endanger the passengers; and

* Bus could not use the curb/sidewalk to deploy
its lift to board or alight wheelchair passengers.

In addition to a minimum 40- to 60-foot long bus
stop, no-parking zones before and after the bus stop
allow buses to pull into the bus stop and reenter traf-
fic. Use the following dimensions for no- parking
zones at midblock bus stops that typically accommo-
date a single bus:

* Before stop: 40-foot minimum.

* After stop: 40-foot minimum.

Parking restrictions are not necessary when curb ex-
tension bus stops are provided.

Curb Extension Bus Stops at
Midblock Locations

Bus bulbs (or curb extension bus stops) are bus stops
in which the curb is extended into the on-street park-
ing lane, and the bus stops within the travel lane.
Refer to Chapter 10 (Curb Extension Bus Stops) for
more information on this type of stop.
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Figure 9.25 A typical bus turnout on an arterial Avenue.
Source: Kimley-Horn and Associates, Inc.

Bus Turnouts

Bus turnouts (a recessed curb area located adjacent to
the traffic lane as shown in Figure 9.25) are desirable
only under selected conditions because of the delay cre-
ated when the bus must reenter traffic. Bus turnouts are
typically used only on thoroughfares with higher target
speeds than those included in this report.

Bus turnouts have the following advantages:

* Allow traffic to proceed around the bus, reducing
delay for other traffic;

* Maximize vehicular capacity of high-volume ve-

hicle mobility priority thoroughfares;
* Clearly define the bus stop;

* Passenger loading and unloading can be conduct-
ed in a more relaxed manner; and

* Eliminate potential rear-end accidents.

Bus turnouts have the following disadvantages:
* Make it more difficult for buses to reenter
traffic, increasing bus delay and average travel
time for buses;

 Difhiculty of buses pulling parallel to curb, re-
ducing accessibility;

* Greater crash risk for buses pulling back into
traffic than buses stopped in traffic lane; and

* Use additional space and might require right-of-
way acquisition.

Bus Turnout Design

Typical urban bus turnouts are usually comprised
of an entrance taper (40 to 60 feet), stopping area
(40 to 60 feet per each standard and articulated bus
respectively) and exit taper (40 to 60 feet).

Passenger Boarding Area

The bus stop passenger boarding area is the area
described as a firm, solid platform for deployment
of wheelchair lifts and for other bus stop features,
such as shelters, and benches. The boarding area
must include a front and rear loading area free of
obstacles. The boarding area may also be a path-
way, but greater clearance than a typical sidewalk
is required to allow deployment of the wheelchair
lift. Figure 9.26 shows a basic boarding area.

The following criteria for boarding areas should be used
to ensure compliance with PROWAG requirements:
* Door clearance: minimum of 5 feet wide along
the curb by 8 feet deep (from face of curb to
back of boarding area);

* Distance between front and rear boarding area
is 18 feet;

* Surface material is stable, firm and slip resistant;

* Slope does not exceed 1 foot vertical over 20 feet
horizontal (5 percent);

* Cross slope does not exceed 1 foot vertical over
50 feet horizontal (2 percent);

Figure 9.26 A simple passenger boarding area. Source:
Kimley-Horn and Associates, Inc.
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Clear throughway width of 48 inches maintained
in boarding area; and

Vertical clearance of 84 inches maintained in
boarding area.

Maintain at least 5 feet of clearance between bus
stop components and fire hydrants.

Locate bus stops where there is a standard curb in
good condition. Bus stops are designed with the
assumption that the bus is the first step. It is more

difficult for the elderly and mobility-impaired

Every bus stop should include the following minimum i )
passengers if the curb is absent or damaged.

elements for passenger accessibility, safety and comfort:
* In streetsides with a detached sidewalk (planting * All street furniture should be surrounded by at

strip between curb and sidewalk), practitioners

should:

*  Provide a landing area adjacent to the curb for
a minimum distance of 34 feet in length and
a minimum of 8 feet in depth (from face of
curb); and

* Provide a connecting pathway from pedes-
trian throughway to landing area.

Provide convenient pedestrian pathways/access
ways to and from adjacent buildings.

Locate the bus stop so coach operators have a
clear view of passengers and waiting passengers
can see oncoming buses.

Minimize driveways in and adjacent to the bus
stop area.

Locate street furniture more than 2.5-feet tall in
such a way as to provide motorists exiting nearby
driveways clear visibility of the street.

Passenger boarding area: Pads must have a
smooth, broom-finished surface to accommodate
high heels and wheelchairs and must have high-
strength capacity to bear the weight of a shelter.
Pavers (textured/decorative tiles) can be used in
combination with a concrete pad for aesthetics.
Slope of pad should match slope of adjacent side-
walk and allow drainage of pad (2 percent maxi-
mum per PROWAG requirements).

Landscaping near the passenger boarding area
is encouraged to maximize passenger comfort
but should be placed far enough back from
the curb face to not interfere with the bus or
passenger visibility. All landscaping should be
located so as not to obstruct the shelter canopy
or obscure sight lines at the bus stop. Shade
trees are desirable and the preferred location is

at the back of the sidewalk.

least 4 feet of horizontal clearance wherever pos-
sible for access and maintenance between compo-
nents. Figure 9.27 illustrates a typical layout of a
shelter and other street furniture.

¢ There should be at least 10 feet of clearance be-
tween the front edge of a pedestrian crosswalk
and the front of a bus at a near-side bus stop, and
5 feet between the back edge of a crosswalk and
the rear of the bus at a far-side bus stop.

*  Whenever possible, avoid placing a bus stop so
that the bus wheels will cross over a catch basin as
it pulls to the curb, causing the bus to lurch and
possibly throw off passenger balance. Addition-
ally, it could eventually cause excessive settlement
of the catch basin’s structure.

* To avoid splashing waiting passengers as the bus
pulls to the curb in wet weather, consider drain-
ing away from the curb (Figure 9.28).

Passenger Security

Security is one of the primary issues associated with
the design of bus stops. Personal security is consis-
tently mentioned in transit studies as a major concern
among transit users. The following guidelines should
be considered to improve security at bus stops:

* DPlace bus stops in locations that provide be-
tween 2 to 5 lumens of illumination within the
bus stop area. If street lighting does not exist,
solar lighting could be considered to enhance
security at night.

* Ensure adjacent shrubbery is trimmed low and
thinned so passengers can view over and behind
any hedges. Consider using plants that are open
and do not form solid hedges of vegetation.

* Ensure clear visibility of, through and around the
bus stop for both passenger surveillance of the en-
vironment and law enforcement surveillance. Pro-
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Figure 9.27 An example layout of a shelter and other
street furniture. Source: Texas Transportation Institute.

vide adequate lines of sight for passengers and law
enforcement officers approaching the bus stop.

* Ensure that the pedestrian circulation routes
through bus stops and waiting areas are not
blocked from view by walls or other structures.

*  When placing bus stops, avoid nearby edges and

corners of walls that create blind spots.

* Avoid design features that degrade access and
security, including sound walls or similar struc-
tures that isolate passengers from surrounding
neighborhoods. In general, there is no reason to
locate bus stops adjacent to sound walls or tall
fences, as these locations preclude direct access
from adjacent land uses. If unavoidable, provide a

pedestrian passage through the wall.
* If possible, provide a public telephone or place the

bus stop in view of a public telephone. Consider
installation of emergency call boxes at isolated lo-
cations.

* Provide secure bicycle parking and ensure that
proper clearances are maintained when bicycles are

parked.

* If possible, provide multiple exits from bus
shelters.

* Remove all evidence of vandalism and regularly re-
pair and maintain benches and shelters to provide
passengers with a sense of security.

Figure 9.28 This bus stop is designed so that
stormwater drains away from the curb into a slot drain
located in the travel lane. This design keeps buses from
splashing waiting passengers when pulling to the curb.
Source: Texas Transportation Institute.

Justification

Bus stops should be designed to first expedite the safe
and efficient loading and unloading of passengers (in-
cluding those with disabilities) and to allow for ef-
ficient transition of the bus between the travel lanes
and the bus stop. Because of the multimodal function
of urban thoroughfares and to make transit competi-
tive with auto travel, consideration should be given to
design features that minimize delay for buses reenter-
ing the traffic stream (far-side bus stop placement and
curb extension bus stops). The boarding area must
be designed, at a minimum, to accommodate ADA/
PROWAG requirements, but consideration should be
given to boarding areas that can accommodate pas-
senger amenities such as shelters, benches, trees and
bicycle parking, even if these amenities will be imple-
mented in the future.

Special Consideration with
Stormwater Management

The management of stormwater on walkable urban
thoroughfares improves the walking and bicycling en-
vironment, aesthetics and the quality of the commu-
nity as a whole. Green stormwater management prac-
tices add value and multiple functionality and should
be considered in thoroughfare improvement projects.
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Swales in Stormwater Management

Green swale areas can be located in medians, plant-
ing strips, islands and other landscaped areas to which
stormwater can be directed. Swales are depressed ar-
eas that are normally highly porous but are planted
with low-maintenance, frequently indigenous types
of grass or vegetation that are compatible with the
detention, absorption and filtration functions they are
designed to serve. The photos below show an example
of a median swale, but similar swales can be located
in planting strips adjacent to curbs or other locations
within the right of way.

If the local soil doesn't percolate or if the median
slopes, the design will need a subsurface drain inlet
to the storm drain system at the downstream end (as
shown in the photo above). Consider that loose soil
around the plants would be carried into the storm
drain with the first storm requiring fabric or other ero-
sion control on the soil or a sediment trap in the inlet
structure.

Source: City of Gresham, OR

Stormwater runoff from thoroughfares and their
streetsides must be handled in the right of way. Dif-
ferent communities treat stormwater differently. For
some the conventional way is to collect and carry it in
storm sewer pipe networks to a treatment plant then
an outfall into a water body. For other communities,
stormwater is controlled at the source or through
treatment control best management practices.

Related Thoroughfare
Design Elements

e  Streetside
e On-street parking
e Medians

e  Street trees and street trees in medians

Background and Purpose

Urban areas have a high percentage of impervious surfac-
es. This creates the need for stormwater systems that can
carry the runoff away from the area or treat, absorb and/
or detain the runoff at its source. Failure to sufficiently
handle stormwater can result in increased volume and
rate of runoff from impervious surfaces increasing the
demand for stormwater system capacity. If the system
capacity cannot be increased, this can cause flooding and
erosion, increase sedimentation and damage the natural
habitats that accept the runoff. Further, the concentra-
tion of pollutants in the runoff can impact water quality.

A “green street” is a thoroughfare that provides wa-
ter-quality treatment, retention and/or detention for
some or most stormwater within the right of way
through use of vegetated facilities, usually swale ar-
eas, to reduce, delay and/or filter the amount of water
piped directly to outfalls. This report provides a brief
discussion of reducing and treating stormwater using
source control or treatment control best management
practices (BMPs). BMPs are used to accommodate
stormwater runoff in one or more ways:
1. Infiltration—water enters the ground directly
or through pervious surfaces and percolates into
the soil.
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2. Retention and detention—methods to store
runoff for later release. Detention measures
store water for up to several days after a storm
and are usually dry until the next storm. Reten-
tion measures are permanent basins that retain
water.

3. Biofiltration—allow runoff to flow slowly
through vegetated slopes and channels, which
also capture sediment and pollutants.

4. Mechanical filtering, screening and de-sed-
imentation—devices that can be installed in
or adjacent to thoroughfares within the public
right of way that use various means to capture
solids, such as litter and leaves, or fine particu-
lates, such as dirt and metals.

Where thoroughfare designs can accommodate sig-
nificant green space, vegetated or grass swales in the
streetside or the median can be used to absorb, detain
and/or filter runoff. This can reduce the necessary
storm sewer capacity and treatment of the runoff.

General Principles

While there are numerous practices for addressing
stormwater runoff on sites, the following principles
are specific to urban thoroughfare design. These
principles represent an objective that either slows or
delays the movement of stormwater runoff into the
storm drain system, filtrates sediment and pollutants
from runoff, or both. Municipalities should encour-
age developers to implement landscape designs and
site BMPs that mitigate increases in site runoff. This
reduces the runoff that reaches thoroughfares from
adjacent development.

* Minimize the width of the street to the extent

feasible to reduce impervious surface.

* Provide pervious surfaces where possible. For
example, use streetside planting strips to col-
lect runoff from sidewalks or use pervious hard-
scape within streetsides of urbanized areas where
parkrows are not provided. Consider the main-
tenance and longevity implications of surfaces
that take vehicle loads.

¢ When retention or detention methods are used,
incorporate them into urban water features that

add aesthetic and place-making value to the
function.

* Provide mechanical traps to capture pollutants
and particulate matter such as dirt and leaves.
Consider the maintenance requirements of
these features.

e Where the context allows, direct runoff into
biofilters or swales rather than underground
storm drains.

Where a rigid pavement edge is necessary, consider
that swales or other filtration devices can run parallel
to the street (in the streetside planting strip or in the
median) but also can intersect the street at cross-an-
gles and run between residential lots or within parks
or open space.

Guidelines

Complete guidance in relation to storm water man-
agement is beyond the scope of this report. Designers
are encouraged to seek out other references, such as
those outlined at the end of this chapter, or to seek
guidance from their local stormwater management
agency or water quality control board. However, sev-
eral guidelines can be followed to develop an initial
concept for using a green approach to stormwater
management:

* Consider swales for use in medians, planting
strips, planters, curb extension, islands, or other
green areas of significant size where runoff can
be collected and detained until filtered or ab-
sorbed or flowed into inlets at the end of swales.

* Employ swales where they can slope downward
from the curb or sidewalk.

* Design gutters and curbs so water can enter the
swale through breaks or other openings in the
curbs; provide for runoff to enter swales directly
from adjacent sidewalks or piped from elsewhere
in the right of way.

* Considering appearance, cleaning, maintenance
and amount of stormwater to be handled in the
design of BMPs.

* Blend BMPs in with the rest of the thoroughfare
design and context; consider pedestrian con-
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nectivity; parking, bicycle and transit needs and
provisions; safety; and emergency access.

* Use native, flood-tolerant plants that need little
watering, fertilizers, or maintenance.

* Develop and implement a cleaning and main-
tenance program to preserve stormwater system
functionality, appearance and plants.

* Install various commercially available traps, fil-
ters and detention or retention devices. Consider
the maintenance requirements of these devices.

Recommended Practice

Pervious surfaces and “green” stormwater manage-
ment should be used in medians, planting strips,
planters, islands, sidewalk extensions and other ap-
plicable spaces within the right of way where natu-
ral stormwater detention, filtration, or absorption is
desired, soil conditions are compatible, and where a
suitable design is compatible with and supportive of
the desired use and appearance of the thoroughfare
and surrounding context.

Justification

The growing amount of impervious surfaces in
urban areas is increasing runoff and therefore the
need for increased stormwater management infra-
structure. It also is carrying more waterborne street
pollutants needing treatment. The Environmen-
tal Protection Agency’s (EPA’s) Clean Water Act
has authorized the National Pollutant Discharge
Elimination System (NPDES), regulations for im-
proving water quality by addressing point sources
that discharge pollutants into waterways, such
as stormwater collected in thoroughfares. Use of
BMPs within the thoroughfare rights of way can
reduce the demand for both storm sewer and treat-
ment facility capacity and also can serve multiple
functions.

Special Consideration with
Snow Removal

Background and Purpose

During and after a snowstorm, most snow plows op-
erate in emergency or “hurry-up” mode, focusing on
opening up lanes for vehicles. Often, when snow is
scraped from the vehicular lanes, it is piled up in the
bicycle lane, parking lane, or along the sidewalk, thus
making it difficult for bicyclists and pedestrians to use
the facilities that have been provided for them.

Snow and ice blockages can force pedestrians onto
the street at a time when walking in the roadway is
particularly treacherous. Many localities that experi-
ence regular snowfalls have enacted legislation requir-
ing homeowners and businesses to clear the sidewalks
fronting their property within a reasonable time after
a snowfall occurs. In addition, many public works
agencies adopt snow removal programs that ensure
that the most heavily used pedestrian routes are
cleared, including bus stops and curb ramps at street
crossings, so that snow plows do not create impass-
able ridges of snow. Adding to the problem, piled

SNoOw can create sight distance restrictions.

In some states snow plow operations clear the en-
tire roadway from curb to curb. After the roadway is
cleared, a smaller “snow blow” (such as brushes, pick-
ups and plows) are used to clear pedestrian facilities.

In areas that receive regular snow, there will be trade-
offs between the recommendations of this report and
the efficiency of snow plowing. Some of the recom-
mended design elements such as curb extensions and
on-street parking will affect snow plowing operations.

Related Thoroughfare Design Elements
e Streetside
®  Bicycle lanes
e  On-street parking and configuration

e  Medians
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These trade-offs need to be clearly communicated in
the design process. Further, early collaboration with
officials in charge of snow removal is imperative for a
successful design.

Recommended Practice

The following practices are recommended regarding
snow removal in the design of walkable urban thor-
oughfares:
* Streetsides should be designed to accommodate
a normal level of plowed snow behind the curb
without blocking the pedestrian throughway. A
wide planting strip or furnishings zone can ac-
commodate plowed snow.

* Avoid designing objects in the furnishings zone
that interfere with the ability to plow snow
onto the streetside, such as large raised planters,
continuous hedges and large utility and traffic
control cabinets. Objects that snow can wrap
around include trees, signs and light poles.

* 'The salting of streets for deicing can adversely
affect landscaping in the streetside. If salt is
used, design the furnishings zone with hard-
scape or setback plantings and trees beyond the
plow line.
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Introduction

Multimodal intersections operate with pedestrians, bi-
cycles, cars, buses and trucks, and in some cases, trains.
The diverse uses of intersections involve a high level of
activity and shared space. Intersections have the unique
characteristic of accommodating the almost-constant
occurrence of conflicts between all modes, and most
collisions on thoroughfares take place at intersections.
This characteristic is the basis for most intersection de-
sign standards, particularly for safety.

Designing multimodal intersections with the appro-
priate accommodations for all users is performed on a

esign Guidelines

A—

case-by-case basis. The design extends beyond the im-
mediate intersection and encompasses the approaches,
medians, streetside and driveways, and adjacent land
uses (Figure 10.1). The designer should begin with an
understanding of the community objectives and priori-
ties related to design trade-offs such as vehicular capac-
ity and level of service, large-vehicle turning require-
ments, conflicts, pedestrian and bicycle convenience,
accessibility and the efficiency of public transit service.
Intersections are perhaps the most sensitive operational
component of thoroughfare systems (Figure 10.2).

In urban areas, intersections have a significant place-
making function as well as a transportation func-

Figure 10.1 The design of intersections encompasses the intersection itself and the approaches to the intersection. It
can even affect adjacent land uses. Source: Digital Media Productions.
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between all modes. Source: Texas Transportation Institute.

tion. Significant land uses and architecturally signifi-
cant buildings are located at intersections and might
provide pedestrian access directly from the corners.
Intersections may also serve as gateways and are fre-
quently the first thing visitors see when they enter a
neighborhood (Figure 10.3). It is often requested
that the practitioner include aesthetic treatments in
intersection design.

Objectives

This chapter:
1. Describes several fundamental aspects of inter-
section design, including managing multimodal
conflicts, sight distance and layout; and

2. Provides general principles, considerations and
design guidelines for key intersection compo-
nents including curb return radii, channelized
right turns, modern roundabouts, crosswalks,
curb extensions, bicycle lanes and bus stops.

General Principles and Considerations

Intersections are required to meet a variety of user
expectations, particularly for users of motor vehi-

SrER ey

ot e

Figure 10.2 Intersections have the unique characteristic of accommodating the almost-constant occurrence of conflicts

cles. Drivers expect to safely pass through intersec-
tions with minimal delay and few conflicts. Drivers
of large vehicles expect to be able to negotiate turns
easily. In urban areas, however, expectations based
on rural and suburban experiences are unreason-
able. Intersection users in urban areas will experi-
ence delays and conflicts between vehicles, pedes-
trians and bicyclists. Driver expectations need to
shift toward taking turns with other modes and a
sense of uncertainty, which creates a slower, vigi-
lant and safer environment.

Successful multimodal intersection design is based on
several fundamental geometric design and operation-
al principles. These principles include:

* Minimize conflicts between modes (such as sig-
nal phasing that separates vehicle movements
and pedestrian crossings, bicycle lanes extended
to the crosswalk, pedestrian refuge islands, low-
speed channelized right turns and so forth.) Pro-
vide crosswalks on all approaches.

* Accommodate all modes with the appropriate
levels of service for pedestrians, bicyclists, tran-
sit and motorists given the recommended speed,
volume and expected mix of traffic.
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Figure 10.4 Intersections must be accessible to
pedestrians with disabilities. This curb extension is
equipped with curb ramps and high-contrast detectable
warnings. Source: Kimley-Horn and Associates, Inc.

Figure 10.3 Intersections are community gateways.
Landscaping in the center island of an intersection.
Source: Kimley-Horn and Associates, Inc.

* Avoid elimination of any travel modes due to information about WALK/DON'T WALK

intersection design. Intersection widening for
additional turn lanes to relieve traffic congestion
should be balanced against impacts to pedestri-
ans, bicyclists and transit.

phases and detectable warnings underfoot to
distinguish pedestrian from vehicular areas
(Figure 10.4).

* Provide good driver and nondriver visibility =~ Considerations regarding intersection design include
through proper sight distance triangles and geo-  the following:
metric features that increase visibility, such as * The preferred location for pedestrian crossings

curb extensions.

Minimize pedestrian exposure to moving traf-
fic. Keep crossing distances as short as practical
and use operational techniques (protected left-
turn signal phasing and prohibited right turn on
red) to separate pedestrians and traffic as much
as possible.

Design for slow speeds at critical pedestrian-
vehicle conflict points, such as corners, by using
smaller curb return radii or low-speed channel-
ized right-turn lanes.

Avoid extreme intersection angles and break
up complex intersections with pedestrian ref-
uge islands. Keep intersections easily and fully
comprehensible for all users. Strive for simplic-
ity in intersection design—avoid designing in-
tersections with more than four approaches (or
consider a modern roundabout) and keep cross
streets as perpendicular as possible.

Ensure intersections are fully accessible to the
disabled and hearing and sight impaired. Pro-
vide flush access to crossings, visual and audio

is at intersections. However, if the block length
exceeds 400 feet, consider adding a midblock
crossing. The target spacing for pedestrian cross-
ings in more intensive urban areas (C-4 to C-6)
is every 200 to 300 feet.

Increases in intersection vehicular capacity by
adding lanes increase pedestrian wait times and
crossing distances, and discourage pedestrian ac-
tivity and bicycle use. Therefore, consider inter-
connecting streets in the network, using parallel
routes and other strategies before increasing the
number of travel lanes beyond the number of
lanes recommended in Table 6.4 in Chapter 6.

* Where possible, facilitate shared cross-access

legal agreements between adjacent proper-
ties to close and consolidate nonresidential
driveways near an intersection. Integrate ac-
cess management policies and techniques into
long-range transportation plans, area plans and
design standards.

If needed to reduce speeds along a thoroughfare,
use speed tables or narrower lanes starting on
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Figure 10.5 Sight distance triangle at intersections. The required sight distance varies with the type of intersection
control. Refer to AASHTO Green Book for more details. Source: Kimley-Horn and Associates, Inc.

the approach to intersections, or other speed-
management techniques (see Chapter 9 section
on Speed Management).

¢ Traffic control alternatives should be evaluated
for each intersection, including stop control,
traffic signals and modern roundabouts.

* Design for U-turn movements to facilitate ac-
cess to property whenever adding a raised medi-
an. Use local, state, or the American Association
of State Highway and Transportation Officials
(AASHTO) guidelines to determine the U-turn
radii needs. While local standards vary, it is de-
sirable to use a passenger car as the design vehicle
for U-turns on walkable urban thoroughfares.

* 'The median or the median nose adjacent to a
turn lane should extend to the crosswalk. Medi-
ans can end prior to the crosswalk for a continu-
ous pedestrian crossing or can extend through
the crosswalk if a channel at street grade or a
ramp is provided through the median. Median
noses extended through the crosswalk provide

a refuge area for pedestrians. Carefully review
turning radii of large vehicles that may strike the
extended median nose.

Intersection Sight Distance

Specified areas along intersection approaches, called clear
sight triangles (shown in Figure 10.5), should be free of
obstructions that block a driver’s view of potentially con-
flicting vehicles or pedestrians entering the traveled way.
The determination of sight triangles at intersections var-
ies by the target speed of the thoroughfares, type of traffic

control at the intersection and type of vehicle movement.

In urban areas, intersection corners are frequently en-
trances to buildings and are desirable locations for ur-
ban design features, landscaping and other streetside
features. In designing walkable urban thoroughfares,
the practitioner works in an interdisciplinary environ-
ment and has a responsibility to balance the desire for
these streetside features with the provision of adequate
sight distance, ensuring safety for all users. In urban
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areas, examples of objects that limit sight distance in-
clude vehicles in adjacent lanes, parked vehicles, bridge
piers and abutments, large signs, poorly pruned trees,
tall shrubs and hedges, walls, fences and buildings.

Considerations regarding intersection sight distance
include the following:

* Based on AASHTO guidelines, urban trafhc
controls (e.g., traffic signals, stop signs) allevi-
ate the need for large sight triangles where such
controls are employed. Where necessary sight
triangles cannot be achieved, target speed, inter-
section traffic control types, sight line obstruc-
tions and/or other design elements should be

changed.

* If the sight triangle for the appropriate target
speed and intersection control is obstructed, ev-
ery effort should be made to eliminate or move
the obstruction or mitigate the obstruction (for
example, install curb extensions to improve vis-
ibility of crossing pedestrians, prune street trees
to branch height greater than 8 feet, or use lower
appurtenances).

Managing Modal Conflict at Intersections

Strategies to eliminate or avoid conflict can result in
designs that favor one mode over others. For example,
eliminating crosswalks at an urban intersection with a
high volume of turning vehicles as a strategy to elimi-
nate conflicts will discourage walking. The practitio-
ner must weigh the ever-present trade-offs between
vehicle level of service, large-vehicle accommodation
and pedestrian and bicycle connectivity and conve-
nience. For the most part, in urban areas, the trade-
offs are clear; every user shares the intersection and
equally shares in the benefits and drawbacks of mul-
timodal design.

In locations where the community places a high pri-
ority on vehicular level of service, intersection designs
should incorporate mitigating measures such as pe-
destrian countdown signals, pedestrian refuge islands
and the replacement of free-flow right turns with low-
speed channelized right turns (see applicable section
in this chapter).

When improving safety at intersections, it is impor-
tant that the measures that are used to improve vehicle

traffic flow or reduce vehicle crashes not compromise
pedestrian and bicycle safety. Safety aspects need to
be identified in an engineering review. The following
strategic decisions need to be considered when im-
proving intersection safety design and operation:
* Minimize vehicle-pedestrian conflicts without
reducing accessibility or mobility for any user;

* When it is not possible to minimize all conflicts,
reduce the exposure of pedestrians and bicyclists
to motor vehicle traffic while maintaining a
comfortable walking environment; and

* Design intersections so that when collisions do
occur, they are less severe.

Traffic engineering strategies can be highly effective in
improving intersection safety. These strategies consist
of a wide range of devices and operational modifica-
tions. Some examples include the following:

* Addition of left turn lanes at intersections.
Turn lanes are used to separate turning traffic
from through traffic. Studies have shown that
providing turn lanes for left-turning vehicles can
reduce accidents. In walkable urban areas, turn
lanes should be limited to a single left-turn lane.
The operational benefits of adding turn lanes
should be weighed against the increase in pedes-
trian crossing time.

* Signals. Increase the size of signal lenses from 8
to 12 inches to increase their visibility; provide
separate signal faces over each lane; install high-
intensity signal indications; and change signal
timing, including the length of yellow-change
and red-clearance intervals. Consider protected
left-turn phasing as a strategy to reduce vehicle-
pedestrian conflicts.

* Innovative intersection design. In appropriate
applications, consider innovative intersection
designs such as modern roundabouts. Round-
abouts reduce speed, eliminate certain types of
crashes and lessen the severity of other types of
crashes. Examples of an alternate intersection
design include “indirect left-turn” intersections,
where left turns are accommodated at midblock
U-turns to convert left turns to right turns, or
“bowtie” intersections where left turns from the
major street are directed to nearby roundabouts
on the minor street where they make a U-turn
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followed by a right turn at the major intersec-
tion. Each alternative design has advantages
and disadvantages and handles pedestrians and
bicyclists differently. The CSS process needs to
weigh the trade-offs to select the best alternative.

* Improve drivers’ visibility of pedestrians. Re-
strict parking near intersections, properly trim
vegetation, move stop lines back from cross-
walks by 4 feet, use longitudinal crosswalk strip-
ing and use curb extensions.

Design Elements for Intersections
in Walkable Areas

Most urban signalized intersections provide basic pedes-
trian facilities, including crosswalks, pedestrian signal
heads, curb ramps and appropriate pedestrian clearance
times. Many urban and especially suburban unsignalized
intersections are unmarked for pedestrians. Older inter-
sections in walkable urban areas need to be updated to
conform to Americans with Disabilities Act (ADA) Pub-
lic Rights-of-Way Accessibility Guidelines (PROWAG)
requirements, better serve bicyclists, improve transit op-
erations, or to simply enhance the pedestrian environ-
ment. This section provides a summary of intersection
design features the practitioner may want to consider
when designing walkble urban intersections.

Uncontrolled Intersections

Common engineering practice is to exclude marked
crosswalks from intersections without traffic control
approaching the crossing. This is due to a number
of factors including avoiding a false sense of security
provided by crosswalks when traffic is uncontrolled,
encouraging pedestrian caution when legally crossing
at intersections without crosswalks, as well as raising
liability and maintenance concerns. Indeed, several
research studies have shown that pedestrian-vehicle
crash rates are higher at unsignalized intersections
with marked crosswalks versus those without.

The authors of NCHRP Report 562, Improving Pecles-
trian Safety ar Unsignalized Intersections, found that the
“safest and most effective pedestrian crossings use sever-
al traffic control devices or design elements to meet the
information and control needs of both motorists and

pedestrians.” The NCHRP study and other research

has found that marked crosswalks alone are insufficient
and, when used, should be used in conjunction with
other measures depending on the circumstances. In
combination with marked crossings, measures to en-
hance uncontrolled intersections include:
* High visibility crosswalk markings such as lon-
gitudinal bars;

* A median refuge island (minimum of 6 feet) to
make the street crossing in stages and more con-
venient;

e Street and crosswalk illumination;

* Advanced yield lines to improve the visibility
of crossing pedestrians and reduce “multiple
threat” type crashes;

* Installation of curb extensions to shorten cross-
ing distance and improve driver and pedestrian
visibility;

* Installation of pedestrian-activated flashing bea-
cons to warn motorists of crossing pedestrians;

* Motorist signs to indicate that pedestrians have the
legal right of way, “YIELD TO PEDESTRIANS,”
“STOP HERE FOR PEDESTRIANS,” or inter-

nally illuminated pedestrian crossing signs; and

* Dedestrian signs or median designs (“Z” cross-
ings) that encourage or facilitate looking for po-
tential conflicts.

Signalized Intersections

Signalized intersections, while providing some level
of pedestrian protection by controlling traffic, have
many available design features that increase pedes-
trian visibility, information and convenience. These
features are listed in Table 10.1.

Design Guidance

Intersection Geometry

This section provides general principles, consider-
ations and guidelines on the geometric layout of ur-
ban at-grade multimodal intersections and the key
components that comprise geometric and operational
design. These guidelines include a section on the ap-
plication and design of modern roundabouts as an
alternative to the conventional intersection.
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Table 10.1 Pedestrian and Bicycle Features at Signalized Intersections

Shorter and more
visible crosswalks

Crosswalks on all approaches;

Longitudinal markings (possible use of colored and/or textured paving);

Reduced overall street widths by reducing the number of travel and turn lanes, or narrowing travel lanes;
Curb extensions with pedestrian push buttons on extensions; and

Median refuges on wide streets (greater than 60 feet) with median push buttons.

Priority for
pedestrians,
bicyclists, and

Shorter cycle lengths, meeting minimum pedestrian clearances (also improves transit travel times);

e Longer pedestrian clearance times (based on 3.5 feet/sec. to set flashing (clearance) time and 3.0 feet/sec for total

crossing time);

Reduced conflicts between pedestrians and turning vehicles achieved with:
e Pedestrian lead phases;

* Scramble phases in very high pedestrian volume locations;

accessibility * Restricted right turns on red when pedestrians are present during specified hours; and
« Allowing right turns during cross-street left turn phases reduces the number of right turn conflicts during pedes-
trian crossing phase.
Low speed o Adequate sized islands for pedestrian refuge;
channelized right e Raised pedestrian crossing/speed table within channelized right turn lane; and
turn lanes e Signal control of channelized right turn in high pedestrian volume locations.

Improved pedestrian
information

® Pedestrian countdown timers; and

“Look Before Crossing” markings or signs.

Bicycle features

Bicycle lanes striped up to crosswalk (using “skip lines” if vehicular right turns are allowed);

Bicycle detectors on high volume routes, or bicyclist-accessible push buttons;

Adequate clearance interval for bicyclists;

Colored paving in bicycle/vehicle lanes in high-conflict areas; and

“Bike Boxes” (painted rectangle along right hand curb or behind crosswalk) to indicate potential high-conflict area
between bicycles continuing through an intersection and right turning vehicles, and to allow bicyclists to proceed
through intersection or turn in advance of vehicles.

High-priority transit
thoroughfare
elements

Adaptive Transit Signal Priority (TSP) when transit detected:

Extended green phase on bus route (rapid transit signal priority);

Truncated green phase for cross street;

Re-order phasing to provide transit priority (transit priority not to be given in two successive cycles to avoid severe
traffic impacts);

Other bus priority signal phasing (sequencing)

e Queue jump lanes and associated signal phasing; and
e Curb extension bus stops, bus bulbs.

Accessibility
and space for
pedestrians

Properly placed pedestrian actuation buttons, with audible locator tones;

Detectable warnings;

Two curb ramps per corner depending on radius of curb return and presence of curb extensions;

Clear pedestrian paths (and shoulder clearances) ensuring utilities and appurtenances are located outside pedestrian paths;
Vertical and overhang clearance of street furnishings for the visually impaired;

Properly placed signal poles and cabinets:

* Behind sidewalks (in landscaping or in building niches);

« In planting strips (furnishings zone); and

« Insidewalk or curb extensions, at least three feet from curb ramps.

Traffic operations
for safe speeds
and pedestrian
convenience

Target speeds between 25-35 mph;

e Signal progression at target speeds; and
o Fewer very long/very short cycle lengths.

Higher priority on
aesthetics

Textured and colored material within the streetside;

Colored material within crosswalks, but avoid coarse textures which provide rough surfaces for the disabled;
Attractive decorative signal hardware, or specialized hardware; and

Attention to landscaping and integration with green street stormwater management techniques.
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Figure 10.6 Many decisions are made within the functional area of an intersection.

Source: Community, Design + Architecture.

General Intersection Layout

Intersection layout is primarily composed of the
alignment of the legs; width of traffic lanes, bicycle
lanes, crosswalks, and sidewalks on each approach
number of lanes, median and streetside elements; and
the method of treating and channelization of turn-
ing movements. Like the design of the thoroughfare’s
cross-section, the design of an intersection’s layout
requires a balance between the needs of pedestrians,
bicyclists, vehicles, freight and transit in the available
right of way. Beyond intersection layout, the practi-
tioner needs to work with a multidisciplinary team
to address accessibility, traffic control and placement
of equipment, traffic operations, lighting (safety and
pedestrian scaled), landscaping and urban design.

Intersection Fundamentals

Intersections are composed of a physical area—the
area encompassing the central area of two intersect-

ing streets as shown in Figure 10.6. The functional
area is where drivers make decisions and maneuver
into turning movements. The three parts of the
functional area include (1) the perception-reaction
distance, (2) maneuver distance and (3) storage dis-
tance. AASHTO’s A Policy on Geometric Design of
Highways and Streers (2004a) addresses the issues
and provides guidance for the detailed geometric
design of the functional area.

The basic types of intersections in urban contexts
include the T-intersection (a three-leg intersection),
cross-intersection (four-leg intersection), multileg in-
tersection (containing five or more legs) and the mod-
ern roundabout, which is discussed later in this chapter.

Intersection Conflicts

Intersections, by their very nature, create conflicts be-
tween vehicles, pedestrians and bicyclists. Figure 10.7
illustrates the number of conflicts between different
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Figure 10.7 Vehicle and pedestrian conflicts at three- and four-leg intersections. Source: Community, Design +
Architecture, adapted from an illustration by Michael Wallwork.
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modes at three- and four-leg intersections. According
to AASHTO’s Guide for the Planning, Design and Oper-
ation of Pedestrian Facilities (2004b), the following are
principles of good intersection design for pedestrians:
* Clarity—making it clear to drivers that pedes-
trians use the intersections and indicating to pe-
destrians where the best place is to cross;

* Predictability—drivers know where to expect
pedestrians;

* Visibility—good sight distance and lighting
so that pedestrians can clearly view oncoming
traffic and be seen by approaching motorists;

* Short wait—providing reasonable wait times
to cross the street at both unsignalized (via
gaps created in traffic or two-stage crossings)
and signalized intersections (via signal cycle

length);

* Adequate crossing time at signalized inter-
sections—the appropriate signal timing for all
types of users to cross the street;

* Limited exposure—reducing conflict points
where possible, reducing crossing distance
and providing refuge islands when necessary;
and

* Usable crossing—climinating barriers and en-
suring accessibility for all users.

General Principles and
Considerations

General principles and considerations for the design
of intersection layouts include the following:

* Intersections should be designed as compact as
practical in urban contexts. Intersections should
minimize crossing distance, crossing time and
exposure to traffic and should encourage pedes-
trian travel.

* A design speed appropriate for the context. Mo-
torists traveling at slower speeds have more time
to perceive and react to conflicts at intersections.

* Intersection approaches should permit motorists,
pedestrians and bicyclists to observe and react to
each other. Intersection approaches should, there-
fore, be as straight and flat as possible, and ad-
equate sight distances should be maintained.

* Avoid providing very short radius horizontal
curves approaching the major street to mitigate
acute approach alignments, as motorists might
encroach into opposing travel lanes at such curves.

* Avoid placing intersections on sharp horizontal
or vertical curves where sight distances may be
reduced. Intersections should not be placed on
either end of a curve unless sufficient sight dis-
tance is available.

* Functional areas of adjacent intersections should
not overlap.

* Channelizing islands to separate conflicts are
important design elements within intersection
functional areas. These include properly de-
signed channelized right turns (see section on
right-turn channelization in this chapter).

* Intersections that accommodate fixed-guideway
transit have special challenges (see section on
Transit Design in Chapter 9).

Curb Return Radii

Background and Purpose

Related Thoroughfare
Design Elements

e  Transit design

On-street parking and configuration

Right-turn channelization

Pedestrian refuge islands

Bicycle lanes

Curb returns are the curved connection of curbs in
the corners formed by the intersection of two streets.
A curb return’s purpose is to guide vehicles in turning
corners and separate vehicular traffic from pedestrian
areas at intersection corners. The radius of the curve
varies, with larger radii used to facilitate the turn-
ing of large trucks and buses. Larger radius corners
increase the length of pedestrian crosswalks, and in-
crease vehicular turning speeds.
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In designing walkable urban thoroughfares, the small-
est practical curb-return radii are used to shorten the
length of the pedestrian crosswalks. Based on this
function, this report suggests a general strategy for se-
lecting curb-return radii design criteria and discusses
situations requiring larger design vehicles. The prima-
ry benefits of smaller curb-return radii to pedestrians
in urban areas include:

* Increasing motorist visibility of pedestrians

waiting to cross the street;

* Reducing pedestrian crossing distance (which
also benefits vehicles with a shorter cycle length
at signalized intersections) and exposure to traffic;

* Providing the shortest accessible route for dis-
abled persons as required under ADA; and

* Reducing speed of turning vehicles and severity
of crashes if they occur.

General Principles and
Considerations

General principles and considerations regarding curb
return radii include the following:

* In walkable areas, the first consideration is keep-
ing crossing distance as short as possible. Con-
sider alternatives to lengthening the curb radius
first, then consider lengthening the radius if no
other alternative exists.

* Curb-return radii should be designed to ac-
commodate the largest vehicle type that will
frequently turn the corner (sometimes re-
ferred to as the design vehicle). This princi-
ple assumes that the occasional large vehicle
can encroach into the opposing travel lane as
shown in Figure 10.8. If encroachment is not
acceptable, alternative routes for large vehicles

should be identified.

* Curb-return radii should be designed to re-
flect the “effective” turning radius of the cor-
ner. The effective turning radius takes into ac-
count the wheel tracking of the design vehicle
utilizing the width of parking and bicycle
lanes. Use of the effective turning radii allows
a smaller curb-return radius while retaining
the ability to accommodate larger design ve-
hicles (Figure 10.9).

ite=

Radius of conventional
curb return radius to
accommodate large
design vehicle

Figure 10.8 Smaller curb-return radii shorten the distance
that pedestrians must cross at intersections. The occasional
turn made by large trucks can be accommodated with
slower speeds and some encroachment into the opposing
traffic lanes. Source: Kimley-Horn and Associates, Inc.

Figure 10.9 The existence of parking and bicycle lanes
creates an “effective” turning radius that is greater

than the curb-return radius. Source: Kimley-Horn and
Associates, Inc., adapted from the Oregon Bicycle and
Pedestrian Plan.

¢ In urban centers (C-5) and urban cores (C-6)
where pedestrian activity is intensive, curb-re-
turn radii should be as small as possible.

* On multilane thoroughfares, large vehicles may
encroach entirely into the adjacent travel lanes
(in the same direction of travel).
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* To help select a design vehicle, identify bus
routes to determine whether buses are required
to turn at the intersection. Also check tran-
sit service plans for anticipated future transit
routes. Map existing and potential future land
uses along both streets to evaluate potential
truck trips turning at the intersection.

* Curb-return radii of different lengths can be
used on different corners of the same intersec-
tion to match the design vehicle turning at that
corner. Compound, spiral, or asymmetrical
curb returns can be used to better match the
wheel tracking of the design vehicle (see the
AASHTO Green Book for the design of spiral

and compound curves).

e Iflarge vehicles need to encroach into an oppos-
ing travel lane, consider placing the stop line for
opposing trafhic further from the intersection.

* The designer must consider lane widths, curb
radii, locations of parking spaces, grades and
other factors in designing intersections. De-
signers are discouraged from using combi-
nations of minimum dimensions unless the
resulting design can be demonstrated to be
operationally practical and safe.

Recommended Practice

Flexibility in the design of curb return radii re-
volves around the need to minimize pedestrian
crossing distance, the choice of design vehicle, the
combination of dimensions that make up the effec-
tive width of the approach and receiving lanes and
the curb return radius itself. The practitioner needs
to consider the trade-offs between the traffic safety
and operational effects of infrequent large vehicles
and the creation of a street crossing that is reason-
able for pedestrians. The guidelines assume arterial
and collector streets in urban contexts (C-3 to C-6)
with turning speeds of city buses and large trucks
of 5 to 10 mph. The guidance is not applicable to

intersections without curbs.

Recommended practices include the following:
¢ In urban centers (C-5) and urban cores (C-6)
at intersections with no vehicle turns, the mini-
mum curb return radii should be 5 feet.

¢ A curb return radius of 5 to 15 feet should be
used where:

1. High pedestrian volumes are present or rea-
sonably anticipated;

2. Volumes of turning vehicles are low;

3. The width of the receiving intersection ap-
proach can accommodate a turning passen-
ger vehicle without encroachment into the
opposing lane;

4. Large vehicles constitute a very low propor-
tion of the turning vehicles;

5. Bicycle and parking lanes create additional
space to accommodate the “effective” turn-
ing radius of vehicles;

6. Low turning speeds are required or desired;
and

7. Occasional encroachment of turning
school bus, moving van, fire truck, or over-
sized delivery truck into an opposing lane

is acceptable.
* Curb radii may need to be larger where:

1. Occasional encroachment of a turning bus,
school bus, moving van, fire truck, or over-
sized delivery truck into the opposing lane
is not acceptable;

2. Curb extensions are proposed or might be
added in the future; and

3. Receiving thoroughfare does not have park-
ing or bicycle lanes and the receiving lane is
less than 12 feet in width.

An alternative to increasing curb-return radii is set-
ting back the stop line of the receiving street to allow
large vehicles to swing into opposing lane as they
turn. However, setbacks to accommodate right-turn
encroachment need to be examined on a case-by-
case basis since very tight right turns may require
long setbacks.

Recommendations for Curb Radii on Transit
and Freight Routes

Truck routes should be designated outside of or
on a minimum number of streets in walkable areas
to reduce the impact of large turning radii. Where
designated local or regional truck routes conflict

186  Designing Walkable Urban Thoroughfares: A Context Sensitive Approach



with high pedestrian volumes or activities, analyze
freight movement needs and consider redesigna-
tion of local and regional truck routes to minimize
such conflicts.

On bus and truck routes, the following guidelines
should be considered:
* Curb-return radii design should be based on the
effective turning radius of the prevailing design
vehicle.

* Where the potential for conflicts with pe-
destrians is high and large vehicle turning
movements necessitate curb radii exceeding
50 feet, evaluate installation of a channelized
right-turn lane with a pedestrian refuge island
(see the section on pedestrian refuge islands
in Chapter 9 and the section on channelized
right-turn lanes in Chapter 10). To better ac-
commodate the path of large vehicles use a
three-centered compound curve in the design
of the island (see the AASHTO Green Book’s
Chapter 9 for design guidance).

* Where frequent turning of large vehicles takes
place, avoid inadequate curb-return radii as
they could potentially cause large vehicles to
regularly travel across the curb and into the
pedestrian waiting area of the streetside.

Justification

Intersections designed for the largest turning ve-
hicle traveling at significant speeds with no en-
croachment result in long pedestrian crossings and
potentially high-conflict areas for pedestrians and
bicyclists. Radii designed to accommodate the oc-
casional large vehicle will allow passenger cars to
turn at high speeds. In designing walkable urban
thoroughfares, the selection of curb returns rang-
ing from 5 to 25 feet in radius is preferable to
shorten pedestrian crossings and slow vehicle-turn-
ing speeds to increase safety for all users.

Channelized Right-Turns

Background and Purpose

Related Thoroughfare
Design Elements

e Curb return radii
e Crosswalks
e  Bicycle lanes at intersections

e Transit design

In urban contexts, high-speed channelized right
turns are generally inappropriate because they cre-
ate conflicts with pedestrians and bicyclists and
also increase turning speeds. Under some of the
circumstances described below, providing channel-
ized right-turn lanes on one or more approaches
at a signalized intersection can be beneficial, but
unless designed correctly, these right-turn lanes can
be undesirable for pedestrians. According to the
Oregon Bicycle and Pedestrian Plan a well-designed
channelization island can:

* Allow pedestrians to cross fewer lanes at a time

and judge conflicts separately;

* Provide refuge for slower pedestrians;

* Improve accessibility to pedestrian push-but-
tons; and

* Reduce total crossing distance, which provides
signal-timing benefits.

Right-turning drivers may not have to stop for the
traffic signal when a channelized right-turn lane is
provided. Even where pedestrian signal heads are
provided at the intersection, pedestrians are usually
expected to cross channelized right-turn lanes with-
out the assistance of a traffic signal. Most channel-
ized right-turn lanes consist of only one lane, and the
crossing distance tends to be relatively short. How-
ever, drivers are usually looking to their left to merge
into cross-street traffic and are not always attentive to
the presence of pedestrians.

Chapter 10: Intersection Design Guidelines 187



Recommended Practice

Recommended practices regarding channelized
right-turn lanes include the following:
* 'The provision of a channelized right-turn lane

provides a pedestrian refuge island and an uncontrolled
crosswalk. Source: Dan Burden, walklive.org.

General Principles and
Considerations

The general principles and considerations regard-
ing channelized right turns include the following:
* Avoid using channelized right-turn lanes
where pedestrian activity is or is expected
to be significant. If a channelized right-turn
lane is unavoidable, use design techniques de-
scribed in this report to lessen the impact on
pedestrians.

* Exclusive right-turn lanes should be limited.
A right-turning volume threshold of 200-300
vehicles per hour is an acceptable range for
the provision of right-turn lanes. Once de-
termined that a right-turn lane is necessary, a
well-designed channelization island can help
slow down traffic and separate conflicts be-
tween right-turning vehicles and pedestrians
(Figure 10.10).

 If channelized right-turn lane is justified, de-
sign it for low speeds (5 to 10 mph) and high-
pedestrian visibility.

* For signalized intersections with significant
pedestrian activity, it is highly desirable to
have pedestrians cross fully under signal con-
trol. This minimizes vehicle-pedestrian con-
flicts and adds to the comfort of pedestrians
walking in the area.

is appropriate only on signalized approaches
where right-turning volumes are high or large
vehicles frequently turn and conflicting pe-
destrian volumes are low and are not expected
to increase greatly.

Where channelized right-turn lanes already
exist at a high-pedestrian-activity signalized
intersection, pedestrians can best be served by
installing pedestrian signals to the right-turn
lane crossing. This enables the pedestrian to
cross the legs of the intersection fully under
signalized control.

Removing channelized right-turn lanes also
makes it possible to use signing, such as NO
TURN ON RED, turn-prohibition signs, or
exclusive pedestrian signal phases to further
assist pedestrians in safely crossing the street.

* When channelized right-turn lanes are justi-

fied for traffic capacity or large vehicle pur-
poses, the following practices should be used:

* Provide a low-angle right turn (about 112
degrees). This angle slows down the speed
of right-turning vehicles and improves
driver visibility of pedestrians within and
approaching the crosswalk (Figure 10.11).

¢ Use longitudinal crosswalk striping for vis-
ibility and place crosswalks so that a mo-
torist has a clear view of pedestrians.

* A well-illuminated crossing point should
be placed where drivers and pedestrians
have good sight distance and can see each
other in advance of the crossing point.
Unless no other choices are available, the
crossing point should not be placed at the
point where right-turning drivers must
yield to other vehicles and therefore might
not be watching for pedestrians.

* Provide accessible islands. The island that
forms the channelized right-turn lane must
be a raised island of sufficient size (at least
120 square feet) for pedestrians to safely
wait in a position where they are at least
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pedestrians

Figure 10.11 The preferred design of a channelized right-turn lane uses an approach angle that results in a lower
speed and improved visibility. Source: Kimley-Horn and Associates, Inc., adapted from an illustration by Dan Burden.

4 feet from the face of curb in all direc- * If vehicle-pedestrian conflicts are a signifi-

tions. A painted island is not satisfactory
for pedestrians. The island also has to be
large enough to accommodate accessible
features, such as curb ramps (usually in
three separate directions) or channels cut
through the raised island that are flush with
the surrounding pavement. If the crossing
of the right-turn lane is signalized, the is-
land needs to be large enough to contain
pedestrian push buttons.

Unless the turning radii of large vehicles,
such as tractor-trailers or buses must be ac-
commodated, the pavement in the chan-
nelized right-turn lane should be no wider
than 16 feet. For any width right-turn
lane, mark edge lines and cross-hatching
to restrict the painted width of the travel
way of the channelized right-turn lane to
12 feet to slow smaller vehicles.

cant problem in the channelized right-turn
lane, it might be appropriate to provide
signing to remind drivers of their legal
obligation to yield to pedestrians crossing
the lane in the marked crosswalk. Regula-
tory signs such as the TURNING TRAF-
FIC MUST YIELD TO PEDESTRIANS
(R10-15) or warning signs such as the PE-
DESTRIAN CROSSING (W11-2) could
be placed in advance of or at the crossing
location.

Signalize the channelized right-turn move-
ment to eliminate significant vehicle-pe-
destrian conflicts. Signalization may be
provided when there is/are (1) multiple
right-turning lanes; (2) something in-
herently unsafe about the unsignalized
crossing, such as poor sight distance or
an extremely high volume of high-speed
right-turning traffic; or (3) high pedestri-

an-vehicle crash experiences.
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Figure 10.12 A typical single-lane modern roundabout
design provides yield control on all approaches and deflects
approaching traffic to slow speeds. Source: Community,
Design + Architecture, adapted from an illustration in
Roundabouts, An Informational Guide (FHWA).

Modern Roundabouts

Background and Purpose

Related Thoroughfare
Design Elements

e  Pedestrian refuge islands

e  Transit design

®  Bicycle treatments at intersections
e  Bus stops at intersections

e Bicycle lanes

Modern roundabouts are an alternative form of inter-
section control that is becoming more widely accepted
in the United States. In the appropriate circumstances,
significant benefits can be realized by converting stop-
controlled and signalized intersections into modern
roundabouts. These benefits include improved safety,
speed reduction, reduction in certain types of vehicle
crashes, opportunities for aesthetics and urban design,
and operational functionality and capacity.

Studies conducted in the United States and published
by the Federal Highway Administration in Round-
abouts: An Informational Guide (2000) indicate that
modern single-lane roundabouts in urban areas can
result in up to a 61 percent reduction in all crashes
and a 77 percent reduction in injury crashes when
compared with stop-controlled intersections. When
signalized intersections are replaced by modern sin-
gle-lane roundabouts in urban areas, they have result-
ed in up to a 32 percent reduction in all crashes and
up to a 68 percent reduction in injury crashes.

There remain some concerns regarding roundabouts
and pedestrian and bicycle safety and how the dis-
abled are accommodated. Care should be taken in
areas with particularly high pedestrian volumes to
provide adequate crosswalk widths and island di-
mensions to serve the volume of pedestrians moving
around the roundabout. Double-lane roundabouts
are of particular concern to pedestrians with visual
impairments and bicyclists.

General Principles and
Considerations

The purpose of a modern roundabout is to increase
vehicle capacity at the intersection, slow traffic
and reduce the severity of collisions. They are not
generally used to enhance pedestrian and bicycle
safety. Roundabouts are not always the appropri-
ate solution. General principles and considerations
for the design of modern roundabouts include the
following:

* 'The application of roundabouts requires close

attention to a number of issues, including:

* Type of design vehicle;

* Use by disabled and visually impaired per-
sons; and

* Effects on pedestrian route directness.

* A modern roundabout should be designed to
reduce the relative speeds between conflicting
traffic streams and the absolute speed of vehicles
to improve pedestrian safety. The curved path
that vehicles must negotiate slows the traffic. Ve-
hicles entering need to be properly deflected and
yield to traffic already in the circulating roadway
of the roundabout (Figure 10.12).
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* Selecting a roundabout as the appropriate
traffic control for an intersection requires
location-specific analysis. Intersections with
more than four legs are also good candidates
for conversion to modern roundabouts, as are
streets intersecting at acute ang]es.

Locating pedestrian crossings at least 25 feet
from the roundabout entry point.

* Accomodating bicyclists by (1) preferably
mixing with the flow of vehicular trafhc (but
without pavement markings delineating a bi-
cycle lane) or (2) alternatively, use of a slip
ramp from the street to the sidewalk proceed-
ing around the intersection along separate
paths, which is usually combined with pedes-
trian facilities. This situation can create con-
flicts between bicyclists and pedestrians that
must be addressed through good design and
signage, and it is inconvenient for the bicy-
clist. To accommodate different ability levels
of bicyclists, both options could be imple-
mented at the same roundabout unless spe-
cific conditions warrant otherwise.

Single-lane roundabouts (Figure 10.13) may
typically accommodate up to 20,000 entering
vehicles per day, depending on a location-spe-
cific analysis. A double-lane roundabout typi-
cally accommodates up to 40,000 vehicles per
day. Capacity analyses should be conducted
to determine peak hour operating conditions
and levels of service. Specific dimensions need
to accommodate such volumes, as are deter-
mined using roundabout analysis tools. Re-
fer to Roundabouts: An Informational Guide
(FHWA 2000) for more information.

If considering a double-lane roundabout on a
boulevard, carefully evaluate pedestrian cross-
ings. It may be desirable to provide crosswalks
at midblock locations away from the round-
about. Double-lane roundabouts are not rec-
ommended in areas with high levels of pedes-
trian and bicycle activity.

Intersections near active railroad-grade cross-
ings are typically not good candidates for
roundabouts since traffic would be blocked in
all directions when trains are present.

Figure 10.13 Typical layout of a single lane modern
roundabout. Source: Kimley-Horn and Associates, Inc.

* Sight distance for drivers entering the round-

about should be maintained to the left so that
drivers are aware of vehicles and bicycles in
the circle. Visibility across the center of the
circle is not critical.

Roundabouts provide an opportunity to visu-
ally enhance the area. Appropriate landscap-
ing is encouraged, even in the center island.
However, for safety, pedestrians are not per-
mitted to walk to the center island. Thus,
water features or features that might attract
pedestrians to the center island should be dis-
couraged.

Proper signing and pavement markings
should be designed for motorists, bicyclists
and pedestrians in advance of and at the loca-
tion of the roundabout. Consideration should
be given to the use of a “yield line” where ap-
propriate, as per Section 3B.16 of the Manual
on Uniform Traffic Control Devices (MUTCD)
(FHWA 2009).

At some locations, pedestrian volumes may
be high enough to warrant signal control of
roundabout approaches to provide gaps for
vehicles (since pedestrians have the right of
way). Pedestrian-demand signals may be re-
quired at multilane roundabout crossings in
order to create and identify gaps for some
types of pedestrians: for example, children,
the elderly and people who have visual or cog-
nitive impairments.

ite=
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Recommended Practice section of FHWA’s informational guide to aid in

the decision-making process.
Table 10.2 provides guidance for the selection
of modern roundabouts for various thorough-
fare types and presents general design parameters.
There are three general roundabout design philoso-
phies in use in the United States. First, many older
traffic circles and rotaries are being eliminated or
redesigned to modern roundabouts. Second, the
Australian model of smaller-diameter and slower
speed roundabouts is gaining popularity in the
United States, as is the third, the British model of
larger-diameter, multilane, higher-speed round-
abouts. The designer should reference the planning

Justification

Roundabouts exist at more than 15,000 intersections
in Europe and Australia, with decades of successful
operation, research and improvements. Introduced
into the United States in the 1990s, modern round-
abouts are much improved over older American traf-
fic circles and rotaries. Significant benefits related to
crash and delay reduction are cited by researchers
based on conversion of four-way stop-controlled and
signal-controlled intersections in eight states.

Table 10.2 Recommended Practice for Modern Roundabouts

Minimum Urban Urban Urban
"Mini-Round- Compact Single-Lane Double-Lane
Parameter about” Roundabout Roundabout Roundabout*
Maximum Entry Speed (mph) 15 15 20 25
Bus and single-unit
Bus and single-unit . . truck WB-67 with lane
. . . Bus and single-unit
Design Vehicle truck drive over uck WB-50 with lane encroachment on
apron encroachment on truck apron
truck apron
Inscribed circle diameter (feet) 45 to 80 80 to 100 100 to 130 150 to 180
Maximum number of entering
lanes 1 1 1 2
Typical capacity (vehicles per day
entering from all approaches) 10,000 15,000 20,000 40,000

Applicability by Thoroughfare Type:

Boulevard Not Applicable Not Applicable Not Applicable Applicable
Arterial Avenue Not Applicable Not Applicable Applicable Applicable
Collector Avenue Applicable Applicable Applicable Not Applicable
Street Applicable Applicable Applicable Not Applicable

* Note the pedestrian and bicycle conflicts are inherent in multilane roundabouts unless they are signalized.
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Pedestrian Treatments at
Intersections—Crosswalks

Background and Purpose

Related Thoroughfare
Design Elements

e Midblock crossings

e Channelized right turns
e  Curb extensions

e Curb-return radii

e Modern roundabouts

e  Pedestrian refuge islands

Crosswalks are used to assist pedestrians in crossing
streets. The definition provided in the MUTCD of
an unmarked crosswalk makes it clear that unmarked
crosswalks can exist only at intersections, whereas the
definition of a marked crosswalk makes it clear that
marked crosswalks can exist at intersections “or else-
where.” Crosswalks also provide the visually impaired
with cues and wayfinding, as long as they have ap-
propriate contrast.

If sidewalks exist on one or more quadrants of the in-
tersection at a signalized or unsignalized intersection,
then crosswalks are legally present at the intersection
whether they are marked or not. Even if sidewalks do
not exist at the intersection, in some states crosswalks
may be legally present.

Even if unmarked crosswalks legally exist at a sig-
nalized intersection, it is almost always beneficial to
provide marked crosswalks from the perspective of
pedestrian safety. Marked crosswalks alert drivers
approaching and traveling through the intersection
of the potential presence of pedestrians. Marked
crosswalks also direct legal pedestrian movements
to desirable crossing points.

If an unmarked crosswalk legally exists across a stop-
controlled approach to an intersection, it is usually

not necessary to mark the crosswalk. However, if en-
gineering judgment determines that pedestrian safety
or the minimization of vehicle-pedestrian conflicts is
especially important, then providing a marked cross-
walk along with advanced warning signs and mark-
ings would be appropriate.

General Principles and
Considerations

In designing thoroughfares, the issue of crosswalks
is not isolated to an individual intersection. The
intent of CSS in walkable areas is to create an en-
vironment in which pedestrians and bicycles are
expected and to support this expectation with con-
sistent and uniform application of signing, mark-
ings and other visual cues for motorists and pedes-
trians. The following principles and considerations
should help guide the planning or design of pedes-
trian crossings:

* Assume that pedestrians and bicyclists want and
need safe access to all destinations that are acces-
sible to motorists. Additionally, pedestrians will
want to have access to destinations not acces-
sible to motorists.

* Typical pedestrian and bicyclist generators and
destinations include residential neighborhoods,
schools, parks, shopping areas and employment
centers. Most transit stops require that pedestri-
ans be able to cross the street.

* DPedestrians need safe access at many uncon-
trolled locations, including intersections and
midblock locations.

* Pedestrians must be able to cross streets at regu-
lar intervals. Unlike motor vehicles, pedestrians
should not be expected to go more than 300 to
400 feet out of their way to take advantage of a
controlled intersection.

* Intersections provide the best locations to control
motorized traffic to permit pedestrian crossings.

* In order to effectively indicate to motorists that
they are in, or approaching, a pedestrian area
and that they should expect to encounter pedes-
trians crossing the street, the design of the cross-
walk must be easily understood, clearly visible
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Figure 10.14 The three primary types of crosswalk
markings (from left to right) are transverse, longitudinal
and diagonal. Source: Kimley-Horn and Associates, Inc.

194

and incorporate realistic crossing opportunities
for pedestrians.

There are three primary marking options: trans-
verse, longitudinal and diagonal (zebra) lines
(Figure 10.14). The placement of lines for lon-
gitudinal markings should avoid normal wheel
paths, and line spacing should not exceed 2.5
times the line width.

At unsignalized or uncontrolled crossings, spe-
cial emphasis longitudinal or diagonal markings
should be used to increase visibility. High-con-
trast markings also aid people with vision im-
pairments, but no MUTCD provisions for the
use of high-contrast pavement markings has yet
been developed.

In highly urban areas (C-5 and C-6), at com-
pact signalized intersections and at other loca-
tions with higher levels of pedestrian activity,
pedestrian signals should automatically show
the WALK sign without requiring activation.

Although it is not a traffic control device, col-
ored and textured crosswalk design treatments
are sometimes used between transverse lines to
further delineate the crosswalk, provide contrast
for the visually impaired, provide tactile feedback
to drivers and improve aesthetics (Figure 10.15).

Figure 10.15 Crosswalks with colored bricks contrast
with concrete pavement. However, over time, colored bricks
stain and lose contrast. Painted stripes marking brick or
colored concrete crosswalks would increase their visibility.
Otherwise use standard crosswalk markings for long-term
visibility. Source: Kimley-Horn and Associates, Inc.

Care should be taken to ensure that the material
used in these crosswalks is smooth, nonslip and
visible. Avoid using a paver system that may shift
and/or settle or that induces a high degree of vi-
bration in wheelchair wheels.

Recommended Practice

The following practice is recommended:
* DProvide marked crosswalks at urban signalized
intersections for all legs of the intersection; and

* DProvide a marked crosswalk across an approach
controlled by a STOP sign where engineering
judgment determines there is significant pedes-
trian activity and pedestrian safety or the mini-
mization of vehicle-pedestrian conflicts is espe-
cially important at that particular location (also
see section titled Design Elements for Intersec-
tions in Walkable Areas in this chapter).

Justification

Marked crosswalks are one tool to get pedestrians
safely across the street and they should be used in
combination with other treatments (such as curb
extensions, pedestrian refuge islands, proper light-
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ing and so forth). In most cases, marked cross-
walks alone (without other treatments) should not
be installed within an uncontrolled environment
when speeds are greater than 40 mph according to
AASHTO?’s Guide for the Planning, Design and Op-
eration of Pedestrian Facilities (2004b) and FHWA’s
Safety Effects of Marked vs. Unmarked Crosswalks at
Uncontrolled Locations (2002).

Pedestrians can legally cross the street at any intersec-
tion, whether a marked crosswalk exists or not. To
enhance awareness by motorists, install crosswalks
on all approaches of signalized intersections. If spe-
cial circumstances make it unsafe to do so, attempt to
mitigate the circumstance.

Curb Extensions

Background and Purpose

Curb extensions (also called nubs, bulb-outs, knuck-
les, or neck-downs) extend the line of the curb into
the traveled way, reducing the width of the street.
Curb extensions typically occur at intersections but
can be used at midblock locations to shadow the
width of a parking lane, bus stop, or loading zone.
Curb extensions can provide the following benefits:

* Reduce pedestrian crossing distance and expo-

sure to traffic;

* Improve driver and pedestrian visibility at inter-
sections;

* Separate parking maneuvers from vehicles turn-
ing at the intersections;

* Visually and physically narrow the traveled way,
resulting in a calming effect;

* Encourage and facilitate pedestrian crossing at
preferred locations;

* Keep vehicles from parking too close to intersec-
tions and blocking crosswalks;

* Provide wider waiting areas at crosswalks and
intersection bus stops;

¢ Reduce the effective curb-return radius and slow
turning traffic;

* Provide space for level landings and clear space
required at pedestrian push buttons, as well as

double perpendicular curb ramps with detect-
able warnings; and

* Provide space for streetscape elements if extend-
ed beyond crosswalks.

Curb extensions serve to better define and delineate the
traveled way as being separate from the parking lane
and streetside. They are used only where there is on-
street parking and the distance between curbs is greater
than what is needed for the vehicular traveled way.

Related Thoroughfare
Design Elements

e  Curb-return radii

e Channelized right turns
e Lane width

e  Crosswalks

e Midblock crossings

e Bus stops at intersections

e  Busstops in the traveled way

General Principles and
Considerations

General principles and considerations regarding curb
extensions include the following:

* Curb extensions may be used at intersections in
any context zone but are emphasized in urban
centers (C-5), urban cores (C-6) and other loca-
tions with high levels of pedestrian activity.

* Curb extensions help manage conflict between
modes, particularly between vehicles and pedes-
trians. The curb extension is an effective mea-
sure to improve pedestrian safety and comfort
and might contribute to slower vehicle speed.

* The design of the curb extension should cre-
ate an additional pedestrian area in the driver’s
field of vision, thereby increasing the visibility
of pedestrians as they wait to cross the street, as
shown in Figure 10.16.
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Figure 10.16 Curb extensions can improve pedestrian
visibility and reduce crossing distance. Source: Digital
Media Productions.

* Curb extensions are used only where there is on-
street parking and where only a small percentage of
turning vehicles are larger than the design vehicle.

* Curb extensions are not applicable to intersec-
tions with exclusive right-turn lanes adjacent to

Figure 10.17 A mid block crossing with a flush curb in
New Zealand. Pedestrians are separated from passing vehicles
with bollards. Source: Community, Design + Architecture.

the curb, or intersections with a high volume of
right-turning trucks or buses turning into nar-
TOW Cross streets.

Carefully consider drainage in the design of curb
extensions to avoid interrupting the flow of water
along the curb, thus pooling water at the crosswalk.

Curb extensions work especially well with di-
agonal parking, shadowing the larger profile of
the row of parking and providing large areas in
the pedestrian realm.

Adjusting the curb-return radius can accommodate
emergency vehicles and large design vehicles. An “ef-
fective” radius can accommodate the design vehicle
through the use of a mountable (or flush with pave-
ment) extension with bollards to delineate the pe-
destrian area as shown in Figures 10.17 and 10.18.
Flush curb extensions are frequently combined with
raised intersections. However, care should be taken
to provide adequate vehicle turning paths outside
the designated pedestrian waiting area.

Where bicycle lanes exist, the curb extension
must be outside the width of the bicycle lane.

Design curb-extension radii to allow street
cleaning vehicles to reach and turn all inside and
outside corners. Normally this requires a radius
of 15 feet. This will also help stormwater flow in
the gutters around corners.

Ensure good street lighting not only for pedes-
trians but so that the extension is visible to driv-
ers at night and in adverse weather.

Figure 10.18 Use of contrasting material and bollards
to delineate the pedestrian and vehicle areas. Source:
Kimley-Horn and Associates, Inc.
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Recommended Practice

The following practices are recommended when de-
signing curb extensions on urban thoroughfares:

* Reduce crossing width at intersections by extend-
ing the curb line into the street by 6 feet for par-
allel parking and to within 1 foot of stall depth
with angled parking. Ensure that the curb exten-
sion does not extend into travel or bicycle lanes.

* Apply the appropriate curb-return radius in
the design of a curb extension. If necessary, use
three-centered or asymmetric curb returns to ac-
commodate design vehicles.

* Where buses stop in the travel lane, curb ex-
tensions can be used to define the location of
the stop and create additional waiting areas and
space for shelters, benches and other pedestrian
facilities.

*  When possible, allow water to drain away from
the curb extension. In other cases a drainage in-
let may need to be installed and connected to an
existing underground storm-drain system.

* Curb extensions are usually constructed in-
tegral with the curb. In retrofit projects, curb
extensions may be constructed away from the
curb to allow drainage along the original flow-
line (Figure 10.19). Consider that this design
might require additional maintenance to keep
the flowline clear.

* When considering construction of curb exten-
sions where an existing high road crown exists,
reconstruction of the street might be necessary
to avoid back draining the sidewalk toward
abutting buildings. Slot drains along the side-
walk may provide an alternate solution.

* Sidewalks, ramps, curb extensions and crosswalks
should all align with no unnecessary meandering.

Justification

Curb extensions in unused or underutilized street
space can be used to shorten pedestrian crossing
distance, increase pedestrian visibility and provide
additional space for pedestrian queuing and sup-
port activity. Extensions can increase safety, effi-
ciency and attractiveness.

Figure 10.19 Curb extensions may be used as
landscaping or hardscape opportunities. This example
shows a retrofit curb extension with drainage retained
between the extension and the curb. Source: Community,
Design + Architecture.

Bicycle Lane Treatment at
Intersections

Background and Purpose

Selecting appropriate bicycle lane treatments at inter-
sections requires providing uniformity in facility de-
sign, signs and pavement markings for bicyclists and
motorist safety. The objective is to promote a clear

Related Thoroughfare
Design Elements

e  Bicycle lanes
e  Curb extensions
e Right-turn channelization

e Llane width
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understanding of safe paths through all intersection
movements for bicyclists and motorists.

General Principles and
Considerations

General principles and considerations regarding bicycle
lane treatment at intersections include the following:

* Since bicyclists ride on the right-hand side of
adjacent motor vehicle traffic, bicyclists desir-
ing to travel straight through an intersection
conflict with motor vehicles that are making a
right turn at the intersection. On intersection
approaches that have a shared through/right-
turn lane, bicyclists not turning right need
to position themselves in the center of the
through/right lane to safely traverse the inter-
section and avoid conflicts with right-turning
vehicles. For this reason, the bike lane, if used,
should be dashed on the approach to the in-
tersection stop bar to indicate that the motor-
ist should share the space with the bicyclists.

* Similarly, bicycle lanes should be dashed in
bus stops to encourage buses to pull all the
way to the curb.

* On intersection approaches that have an
exclusive right-turn lane, the bicycle lane
should be positioned to the left of the right-
turn lane. Drivers of right-turning motor
vehicles moving into the turn lane have an
obligation to yield to any present bicyclists.
The higher-speed motor vehicle is usually
approaching the beginning of the turn lane
from behind the bicyclist and has a better
view of the potential conflict.

* A more complex situation exists when an ex-
clusive right-turn lane is created by dropping
a through lane. The bike lane can typically
transition from the right of the right-turn
lane to the left of the right-turn lane with a
shift in alignment.

* Where there are numerous left-turning bicy-
clists, a left-turn bicycle lane may be provided
on an intersection approach. This lane is lo-
cated between the vehicular left-turn lane and
the adjacent through lane so that bicyclists can
keep to the outside as they turn left.

* On approaches to roundabout intersections,
the bicycle lane needs to be terminated 100
feet before the crosswalk, yield line or limit
of circulatory roadway and should not be
provided on the circulatory roadway of the
roundabout intersection.

Recommended Practice

The recommended practice for bicycle lane treatment
at intersections on urban thoroughfares is shown in

Table 10.3.

Justification

At intersections, bicyclists proceeding straight
through and motorists turning right must cross
paths unless the cyclist moves to the center of the
through-right travel lane. Therefore, striping bike
lanes up to the stop bar conflicts with this move-
ment. Striping and signing configurations that en-
courage crossings in advance of the intersection in a
weaving fashion reduce conflicts at the intersection
and improve bicycle and motor vehicle safety. Sim-
ilarly, modifications such as special sight distance
considerations, wider roadways to accommodate
on-street lanes, special lane markings to channelize
and separate bicycles from right-turning vehicles,
provisions for left-turn bicycle movements and spe-
cial traffic signal designs (such as conveniently lo-
cated push buttons at actuated signals or even sepa-
rate signal indications for bicyclists) also improve
safety and operations and balance the needs of both
transportation modes when on-street bicycle lanes
or off-street bicycle paths enter an intersection.

Bus Stops at Intersections

Background and Purpose

Walkable thoroughfare design for bus stops at in-
tersections emphasizes an improved environment
for pedestrians and techniques for efficient transit
operations. Design considerations for buses are ad-
dressed in detail in the section on midblock bus
stops in Chapter 9.
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Table 10.3 Recommended Practice for Bicycle Lane Treatment at
Intersections on Walkable Urban Thoroughfares

Intersection Conditions and Related Recommendations

With pedestrian crosswalks

e Bike lane striping should not be installed across any pedestrian crosswalks, and, in most cases, should not continue through any street
intersections.

With no pedestrian crosswalks

e Bike lane striping should stop at the intersection stop line, or the near side cross street right-of-way line projection, and then resume at the
far side right-of-way line projection.

e Dash the bike lane prior to the stop line per MUTCD, to warn both motorists and cyclists of the need to prepare for right-turn movements
at the intersection.

e Bike lane striping may be extended through complex intersections with the use of dotted or skip lines.

Parking considerations

e The same bike lane striping criteria apply whether parking is permitted or prohibited in the vicinity of the intersection.

Bus stop on near side of intersection or high right-turn volume at unsignalized minor intersections with no stop controls

o A6 to 8-inch solid line should be replaced with a dashed line with 2-foot dashes and 6-foot spaces for the length of the bus stop. Bike lane
striping should resume at the outside line of the crosswalk on the far side of the intersection.

o In the area of a shared through/right turn, the solid bike lane, if used, should be dashed to the stop bar to indicate that the right-turning
motorist should share the space with bicyclists.

Bus stop located on far side of the intersection

e Solid white line should be replaced with a dashed line for a distance of at least 80 feet from the crosswalk on the far side of the intersection.

T-intersections with no painted crosswalks

e Bike lane striping on the far side across from the T-intersection should continue through the intersection area with no break. If there are
painted crosswalks, bike lane striping on the side across from the T-intersection should be discontinued through the crosswalks.

Pavement markings

e Bike lane markings should be installed according to the provisions of Chapter 9C of the MUTCD.
e The standard pavement symbols are one of two bicycle symbols (or the words “BIKE LANE") and an optional directional arrow as specified
in the MUTCD. Symbols should be painted on the far side of each intersection. Pavement markings should be white and reflectorized.

Signs

o Bike lanes should be accompanied by appropriate signing at intersections to warn of conflicts (see Chapter 9B of the MUTCD).

Actuation at Traffic Signals

o If bike lane extends to the stop bar, provide a detector in the lane and appropriate pavement marking to indicate where the bicyclist should stop.
o If the bicyclist shares a travel lane, provide a detector (and pavement marking) in the center of the lane.
e If in-pavement or video detection is not possible, install a push-button on the curb accessible to the bicyclist.
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Related Thoroughfare
Design Elements

e lane width.

e  Curb extensions.

e  Bus stops in the traveled way.
e  Curb-return radius.

e  Crosswalks.

Recommended Practice

Placement of Bus Stops at Intersections

The preferred location for bus stops is the near side
or far side of an intersection. This location pro-
vides the best pedestrian accessibility from both
sides of the street and connection to intersecting
bus routes. While not preferred, bus stops on long
blocks may be placed at a midblock location or to
serve a major transit generator (See Chapter 9).
Guidance and considerations related to bus stops
at intersections include the following:

* Consider a near-side stop on two-lane thorough-

fares where vehicles cannot pass a stopped bus.

* Consider a far-side stop on thoroughfares with
multiple lanes where vehicular traffic may pass
uncontrolled around the bus.

* On thoroughfares where vehicular traffic is con-
trolled by a signal, the bus stop may be located ei-
ther near side or far side, but far side is preferable.

*  Where it is not desirable to stop the bus in a travel
lane and a bus pullout is warranted, a far side or
midblock stop is generally preferred. As with oth-
er elements of the roadway, consistency of stop
placement lessens the potential for operator and
passenger confusion.

* When locating a bus stop in the vicinity of a
driveway, consider issues related to sight dis-
tance, blocking access to development and po-
tential conflicts between automobiles and buses.

* 'The approach to a bus stop from the sidewalk to
the bus must be fully accessible as defined by the
U.S. Access Board. Bus stop access must in every
case include a safe and accessible street crossing.

It must also contain a loading area of at least
5 feet by 8 feet for wheelchairs to board. (see
Chapter 9)

The placement of bus stops at intersections varies
from site to site. However, general considerations
for the placement of bus stops at intersections in-
clude the following:

* When the route alignment requires a left turn,
the preferred location for the bus stop is on the
far side of the intersection after the left turn is
completed.

* When the route alignment requires a left turn
and it is infeasible or undesirable to locate a
bus stop far side of the intersection after the left
turn, a midblock location is preferred. A mid-
block bus stop should be located far enough
upstream from the intersection so a bus can ma-
neuver into the proper lane to turn left.

* If there is a high volume of right turns at an in-
tersection or when the transit route turns right
at an intersection, the preferred location for a
stop is on the far side of the intersection.

* In circumstances where the accumulation of
buses at a far-side stop would spill over into the
intersection and additional length is not avail-
able, the stop should be placed on the near side
of the intersection.

* At complex intersections with dual right- or left-
turn lanes, far-side stops are preferred because
they remove the buses from the area of compli-
cated traffic movements.

*  When there is substantial transfer activity between
two bus routes on opposite sides of the street, plac-
ing one stop near side and one at the adjacent far-
side location can minimize the number of cross-
ings required to transfer between buses.

Table 10.4 summarizes the advantages and disadvan-
tages of far-side and near-side bus stop placements.

Curb Extension Bus Stops (Bus Bulbs)

A curb extension may be constructed along streets
with on-street parking. Curb extensions may be de-
signed in conjunction with bus stops to facilitate bus
operations and passenger access. The placement of a
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Table 10.4 Advantages and Disadvantages of Far side and Near side Bus Stops

Far Side Bus Stops

Advantages DITELIETNEL

e Minimizes conflict between buses and right turning vehicles
traveling in the same direction

e Minimizes sight distance problems on approaches to the inter-
section

e Encourages pedestrians to cross behind the bus

e Minimizes area needed for curbside bus zone

e |f placed just beyond a signalized intersection in a bus turnout,
buses may more easily re-enter the traffic stream

e [f a turnout is provided, vehicle capacity through intersection is
unaffected

e (Can better take advantage of traffic signal priority for buses

e [f bus stops in travel lane, could result in traffic queued into
intersection behind the bus (turnout will allow traffic to pass
around the stopped bus)

e [f bus stops in travel lane, could result in rear-end accidents as

motorists fail to anticipate stopped traffic

May cause passengers to access buses further from crosswalk

May interfere with right turn movement from cross street

May obscure sight distance for crossing vehicles

If signal priority not in use, bus may have to stop twice, once at

signal and then at bus stop

Near Side Bus Stops

Advantages Disadvantages

e Minimizes interference when traffic is heavy on the far side of
an intersection

¢ Allows passengers to access buses close to crosswalk

e Driver may use the width of the intersection to pull away from
the curb

e Allows passengers to board and alight when the bus is stopped
for a red light

e Provides the driver with the opportunity to look for oncoming
traffic, including other buses with potential passengers

e Stopped bus interferes with right turns

e May cause sight distance problem for approaching traffic, cross-
street traffic and pedestrians

e If located in a pullout or shoulder or at a signalized intersection,
a traffic queue may make it difficult for buses to re-enter the
traffic stream

e Prohibits through traffic movement with green light, similar to
far side stop without a bus turnout

® May cause pedestrians to cross in front of the bus at intersections

e Limits use of traffic signal priorities

Source: Bus Stop Safety and Design Guidelines Manual, Orange County Transportation Authority and Kimley-Horn and Associates, Inc.

bus stop on a curb extension should follow the same
guidelines as those previously stated (a near-side stop
is preferred on two-lane streets where vehicles can-
not pass a stopped bus; in the case of a street with
multiple lanes where vehicular traffic may pass un-
controlled around the bus, a far-side stop is preferred
for sight distance issues).

A bus stop on the near side of a single-lane approach
of an uncontrolled intersection should completely ob-
struct the traffic behind it. Where it is not acceptable to
have stopped buses obstruct a lane of traffic and a bus
turnout is justified according to the criteria presented
in Chapter 9 (section on midblock bus stops), a bus
stop may be placed on the far side in the parking lane
just beyond the curb extension. It might be appropri-
ate to place a bus stop on a far-side curb extension at

an uncontrolled intersection if the warrants for a bus
pullout are not met and its placement will not create a

traffic hazard.

Near-side curb extensions are usually about 6 feet in
width and of sufficient length to allow passengers to
use the front and back doors of a bus. A near-side curb
extension bus stop is shown in Figure 10.20.

Besides reducing the pedestrian crossing distances,
curb extensions with near-side bus stops can reduce
the impact to parking (compared to typical bus zones),
mitigate traffic conflicts with autos for buses merging
back into the traffic stream, make crossing pedestrians
more visible to drivers and create additional space for
passenger queuing and amenities, such as a shelter and/
or a bench.
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Figure 10.20 A near-side curb extension bus stop. Source: Kimley-Horn and Associates, Inc.

In areas where curb extensions are desired, but it is
not acceptable to have the bus stop in the travel lane,
a far-side pullout area can be created in the parking
lane. This location and design eliminates the safety
hazard of vehicles passing the bus prior to entering
the intersection. However, bus stop length will likely
be increased over the normal far-side length because
of the need to add an approach taper to the stop
downstream from the curb extension.

Queue Jumpers

Queue jumpers provide priority treatment for buses
along arterial streets by allowing buses to bypass traf-
fic queued at congested intersections. Queue jumpers
evolved from the need to reduce bus delays at intersec-
tions or other congested locations. In the past, traffic en-
gineers constructed bus turnouts to move buses out of
the traffic stream while they are stopped for passengers.
Bus turnouts introduce significant travel time penalties
to bus patrons because buses are delayed while attempt-
ing to reenter the traffic stream. Queue jumpers provide
the double benefit of removing stopped buses from the
traffic stream to benefit the general trafhc and getting
buses through congested intersections so as to benefit
bus operations.

Queue jumpers consist of a near-side right-turn lane
(buses excepted) and a far-side bus stop and/or accel-
eration lane. Buses are allowed to use the right-turn
lane to bypass traffic congestion and proceed through
the intersection. Additional enhancements to queue
jumpers could include an exclusive bus-only lane up-
stream from the traffic signal, extension of the right-
turn lane to bypass traffic queued at the intersection,
or advanced green indication allowing the bus to pass
through the intersection before general traffic does.

Queue Jumper With an Acceleration Lane

This option includes a near-side right-turn lane (bus-
es excepted), near-side bus stop and acceleration lane
for buses with a taper back to the general purpose
lanes on the far-side of the intersection.

Queue Jumper With a Far-Side Bus Stop

This option may be used when there is a heavy direc-
tional transfer to an intersecting transit route. Bus-
es can bypass queues either using a right-turn lane
(buses excepted) or an exclusive bus queue jump lane.
Since the bus stop is located on the far side, a standard
transition can be used for buses to reenter the traffic
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stream. Queue jumpers at urban thoroughfare inter-
sections should be considered when:

1. High-frequency bus routes have an average
headway of 15 minutes or less;

2. Forecasted traffic volumes exceed 500 vehicles
per hour in the curb lane during the peak hour
and right-turn volumes exceed 250 vehicles per

hour during the peak hour; and

3. Intersection operates at an unacceptable level of
service (defined by the local jurisdiction).
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Appendix 1

Key Terms and New Concepts

Accessibility—A term describing the degree to which
something is accessible by as many people as possible.
In transportation design, accessibility is often used to
focus on people with disabilities and their right of ac-
cess to thoroughfares, buildings and public transpor-
tation. Accessibility also refers to transportation facili-
ties that comply with Public Rights-of-Way Accessibility
Guidelines PROWAG).

Access Management—Access management is de-
fined as the management of the interference with
through traffic caused by traffic entering, leaving and
crossing thoroughfares. It is also the control and regu-
lation of the spacing and design of driveways, medi-
ans, median openings, traffic signals and intersections
on arterial streets to improve safe and efficient traffic
flow on the road system.

Arterial—A street that typically emphasizes a high
level of traffic mobility and a low level of property
access. Arterials accommodate relatively high levels of
traffic at higher speeds than other functional classes
and serve longer distance trips. Arterial streets serve
major centers of activity of a metropolitan area and
carry a high proportion of the total urban area travel.
Arterials also serve significant intra-area travel, such
as between central business districts and outlying resi-
dential areas, between major inner city communities
or major suburban centers. Arterial streets carry im-
portant intra-urban as well as intercity bus routes.

Articulation—An architectural term that refers to di-
viding building facades into distinct parts that reduce
the appearance of the building’s mass adjacent to the
sidewalk, identify building entrances and minimize
uninviting blank walls.

Bicycle Boulevard—A roadway that motorists may
use that prioritizes bicycle traffic through the use of
various treatments. Through motor vehicle traffic is
discouraged by periodically diverting it off the street.
Remaining traffic is slowed to approximately the
same speed as bicyclists. STOP signs and signals on

the bicycle boulevard are limited to the greatest ex-
tent possible, except when aiding bicyclists in crossing
busy streets.

Collector—A street that typically balances traffic
mobility and property access. Collector streets pro-
vide land access and traffic circulation within residen-
tial neighborhoods, commercial and industrial areas.
Collector streets pass through residential neighbor-
hoods, distributing trips from the arterials through
the area to the ultimate destination. Collector streets
also collect traffic from local streets in residential
neighborhoods and channel it into the arterial sys-
tem. In the central business district, and in other areas
of like development and traffic density, the collector
system may include the street grid that forms a logical
entity for traffic circulation.

Community—A group of people living within a de-
fined geographic area or political boundary such as
a neighborhood, district, town, city, or region. It is
both a physical place of streets, buildings, schools and
parks and a socioeconomic structure, often defined
by qualities including social traits, values, beliefs, cul-
ture, history, government structure, issues of concern

and type of leadership.

Community Livability—Refers to the environmen-
tal and social quality of an area as perceived by resi-
dents, employees, customers and visitors, including
safety and health, local environmental conditions,
quality of social interactions, opportunities for recre-
ation and entertainment, aesthetics and existence of
unique cultural and environmental resources.

Context—The nature of the natural or built envi-
ronment created by the land, topography, natural
features, buildings and associated features, land use
types and activities on property adjacent to streets
and on sidewalks and a broader area created by the
surrounding neighborhood, district, or commu-
nity. Context also refers to the diversity of users of
the environment.
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Context Sensitive Solutions (CSS)—Collaborative,
interdisciplinary process that involves all stakehold-
ers to design a transportation facility that fits its ap-
plicable setting and preserves scenic, aesthetic, his-
toric and environmental resources while maintaining
safety and mobility. CSS respects design objectives for
safety, efficiency, capacity and maintenance while in-
tegrating community objectives and values relating to
compatibility, livability, sense of place, urban design,
cost and environmental impacts.

Context Zone—One of a set of categories used to
describe the overall character of the built and natu-
ral environment, building from the concept of the
“transect’—a geographical cross section through a
sequence ranging from the natural to the highly ur-
banized built environment. There are six context
zones plus special districts describing the range of
environments including four urban context zones for
the purpose of CSS—suburban, general urban, urban
center and urban core.

Control Vehicle—A vehicle that infrequently uses a
facility and must be accommodated, but encroach-
ment into the opposing traffic lanes, multiple-point
turns, or minor encroachment into the roadside is
acceptable. A condition that uses the control vehicle
concept arises where occasional large vehicles turn
at an intersection with low opposing traffic volumes
(e.g., a moving van in a residential neighborhood or
once per week delivery at a business) or where large
vehicles rarely turn at an intersection with moderate
to high opposing traffic volumes (e.g., emergency ve-

hicles).

Corridor—A transportation pathway that provides
for the movement of people and goods between and
within activity centers. A corridor encompasses single
or multiple transportation routes or facilities (such
as thoroughfares, public transit, railroads, highways,
bikeways, etc.), the adjacent land uses and the con-
necting network of streets.

Corridor Plan—Document that defines a comprehen-
sive package of recommendations for managing and
improving the transportation system within and along
a specific corridor, based upon a 20-year planning hori-
zon. Recommendations may include any effective mix
of strategies and improvements for many modes.

Corridor Planning—Process that is collaborative
with local governments and includes extensive public
participation opportunities. A corridor may be di-
vided into logical, manageable smaller areas for the
purpose of corridor planning.

Design Control—Factors, physical and operational
characteristics, and properties that control or signifi-
cantly influence the selection of certain geometric
design criteria and dimensions. Design speed, traffic
and pedestrian volumes, location and sight distance
are examples of design controls.

Design Vehicle—Vehicle that must be regularly ac-
commodated without encroachment into the oppos-
ing traffic lanes. A condition that uses the design ve-
hicle arises where large vehicles regularly turn at an
intersection with high volumes of opposing traffic
(e.g., a bus route).

Edge Zone—The area between the face of curb and
furnishing zone, an area of required clearance be-
tween parked vehicles or traveled way and appurte-
nances or landscaping.

Environment—The natural and built places within
or surrounding a community. The natural environ-
ment includes the topography, natural landscape,
flora and fauna, streams, lakes and watersheds, and
other natural resources, while the human/built envi-
ronment includes the physical infrastructure of the
community, as well as its institutions, neighborhoods,
districts, and historical and cultural resources.

Frontage Zone—The distance between the through-
way and the building front or private property line that
is used to buffer pedestrians from window shoppers,
appurtenances and doorways. It contains private street
furniture, private signage, merchandise displays, etc.
The frontage zone can also be used for street cafes. This
zone is sometimes referred to as the “shy” zone.

Functional Classification—A system in which streets
and highways are grouped into classes according to the
character of service they intended to provide.

Furnishings Zone—The area of the roadside that
provides a buffer between pedestrians and vehicles. It
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contains landscaping, public street furniture, transit
stops, public signage, utilities, etc.

Human Scale—How humans perceive the size of
their surroundings and their comfort with the ele-
ments of the natural and built environment relative to
their own size. In urban areas, human scale represents
features and characteristics of buildings that can be
observed within a short distance and at the speed of
a pedestrian, and sites and districts that are walkable.
In contrast, auto scale represents a built environment
where buildings, sites, signs, etc. are designed to be
observed and reached at the speed of an automobile.

Intermodal—Refers to the connections between
transportation modes.

Intersection—Where two or more public streets
meet. They are characterized by a high level of ac-
tivity and shared use, multi-modal conflicts, complex
movements and special design treatments.

Local Street—Streets with a low level of traffic mobil-
ity and a high level of land access, serving residential,
commercial and industrial areas. Local governments
typically have jurisdiction for these streets.

Major Thoroughfare—As defined for this report, ma-
jor streets (and rights-of-way, including improvements
between the pavement edge and right-of-way line) in
urban areas that fall under the conventional functional
classes of arterials and collector streets. Thoroughfares
are multimodal in nature and are designed to integrate
with and serve the functions of the adjacent land uses.

Mixed-Use—The combining of, or zoning for, retail/
commercial and/or service uses with residential or of-
fice use in the same building or on the same site either
vertically (with different uses stacked upon each other
in a building) or horizontally (with different uses ad-
jacent to each other or within close proximity).

Mixed-use Area—Areas comprised of a mix of land
uses, scales and densities that provide some level of
internal pedestrian connectivity. The Urban Land
Institute (ULI) defines mixed-use as “three or more
significant revenue producing uses with significant
functional and physical integration of the different
uses that conform to a coherent plan.”

Mobility—The movement of people or goods within
the transportation system.

Multimodal—Refers to the availability of transporta-
tion options within a system or corridor whether it be
walking, bicycling, driving, or transit.

Multi-use Area—Areas containing two or more
land uses that may or may not be complementary
and interactive, but that have little or no internal
connectivity by any travel mode, and have little or
no shared access or shared parking, Nearly all in-
teraction between buildings in this type of area is
by motor vehicle travelling on public streets rather
than within large parking areas.

New Urbanism—A multidisciplinary movement
dedicated to the restoring of existing urban centers
and towns within metropolitan regions, reconfigur-
ing sprawling suburbs into real neighborhoods and
diverse districts, conserving natural environments
and preserving a community’s built legacy. The new
urbanist vision is to transform sprawl and estab-
lish compact, walkable, sustainable neighborhoods,
streets, and towns.

(Source: Charter of the New Urbanism and www.cnu.org)

Place/Placemaking—A holistic and community-
based approach to the development and revitaliza-
tion of cities and neighborhoods. Placemaking cre-
ates unique places with lasting value that are compact,
mixed-use, and pedestrian and transit oriented, and
that have a strong civic character.

(Source:  www.placemakers.com and Chuck Bobl,
“Placemaking”)

Public Participation—A collaborative process that
encourages stakeholders to participate in the forma-
tion, evaluation and conclusion of a plan or transpor-
tation improvement project.

Right of way—The publicly owned land within
which a thoroughfare can be constructed. Outside
of the right-of-way the land is privately owned and
cannot be assumed to be available for thoroughfare
construction without acquiring the land through
dedication or purchase.
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Safety—A condition of being safe, free from dan-
ger, risk, or injury. In trafhc engineering, safety in-
volves reducing the occurrences of crashes, reducing
the severity of crashes, improving crash survivability,
developing programmatic safety programs and apply-
ing appropriate design elements in transportation im-
provement projects.

Sight Distance—Distance that a driver can see ahead
in order to observe and successfully react to a hazard,
obstruction, decision point, or maneuver.

Single-use Area—~Single-use areas may be corridors
or districts which are predominantly comprised of a
single type of land use. Often the scale of single-use
areas, their lack of a mix of uses and their associated
roadway networks tend not to be conducive to walk-
ing. Transportation in single-use areas is primarily by
motor vehicles, although transit and bicycling can be
viable modes. Single-use areas might contain large
tracts of housing such as subdivisions or commercial,
or industrial uses that rely on freight movement and
therefore need to accommodate significant numbers
of large vehicles.

Smart Growth—Land use development practices
that create more resource efficient and livable com-
munities, with accessible land use patterns. It is an
alternative to sprawl development patterns.

Stakeholders—Groups or individuals that have an
interest (stake) in the outcome of the planning or
project development process. Typical stakeholders
include elected officials, appointed commissioners,
metropolitan planning organizations, state and lo-
cal departments of transportation, transit authorities,
utility companies, business interests, neighborhood
associations and the general public.

Streetsidle—The public right-of-way, which typi-
cally includes the planting area and sidewalk, from
the back of the curb to the front property line of ad-
joining parcels. The roadside is further divided into
a series of zones that emphasize different functions
including the frontage, throughway, furnishings and
edge zones. Transportation facilities, including bus
shelters, waiting areas and bicycle parking, may be
part of the roadside.

Thoroughfare—As defined for this report, major
streets (and their rights-of-way, including improve-
ments between pavement edge and right-of-way line)
in urban areas that fall under the conventional func-
tional classifications of arterials and collector streets
excluding limited-access facilities. Thoroughfares are
multi-modal in nature, and are designed to integrate
with and serve the functions of the adjacent land uses.

Throughway Zone—The walking zone that must
remain clear both horizontally and vertically for the
movement of pedestrians.

Traditional Urban Environments—Places with de-
velopment pattern, intensity and design characteristics
that combine to make frequent walking and transit use
attractive and efficient choices, as well as provide for au-
tomobiles and convenient and accessible parking. Tra-
ditional urban environments typically have mixed land
uses in close proximity to one another, building entries
that front directly on the street, building, landscape and
thoroughfare design that is pedestrian-scale, relatively
compact development, a highly-connected, multimodal
circulation network, usually with a fine “grain” created
by relatively small blocks, thoroughfares and other pub-
lic spaces that contribute to “placemaking” (the creation
of unique locations that are compact, mixed-use, and
pedestrian and transit oriented, that have a strong civic
character and with lasting economic value).

Transect—A continuum of contexts ranging from
the natural and agricultural (parks, open space, farm-
land) to varying intensities of urbanism (from subur-
ban to urban core). The transect is the basis for the
four urban context zones used in this guidance.

Transitions—A change in thoroughfare type, context
(e.g., rural to urban), right-of-way width, number of
lanes, or neighborhood or district. Geometrically,
transitions refer to the provision of a proper smooth
taper where lanes or shoulders change width, lanes di-
verge or merge, or lanes have been added or dropped.

Traveled Way—The public right-of-way between
curbs, including parking lanes, and the travel lanes
for private vehicles, goods movement, transit vehicles
and bicycles. Medians, turn lanes, transit stops and
exclusive transit lanes, curb and gutter, and loading/
unloading zones are included in the traveled way.
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Traversable Community—Denotes the ability to
travel within an area based on the area’s size, network
connectivity, availability of multimodal facilities, and
mix of uses that elicit the need to travel within the
area. Large and predominantly single-use districts are
most easily traversed by automobile; whereas compact
mixed-use districts can be viably traversed by walking
or bicycling.

Urban Area—As defined by federal-aid highway
law (Section 101 of Title 23, U.S. Code) urban area
means an urbanized area as an urban place as desig-
nated by the Bureau of the Census having a popula-
tion of 5,000 or more.

Values—Acttributes and characteristics regarded by a
community as having ultimate importance, signifi-
cance, or worth. Community values encompass the
natural and built environment, its social structure,
people and institutions. The term often refers to a
set of principles, standards, or beliefs concerning the
elements of the community that are of ultimate im-
portance.

Vision—Part of the process of planning a community
that involves residents looking into the future, think-
ing creatively and establishing what they want their
community to be in a 20- or 50-year planning hori-
zon. A vision describes an ideal picture and guides goal-
setting, policies and actions by helping to understand
community concerns, prioritize issues, determine nec-
essary actions and identify indicators to measure prog-
ress. Successful visions include a future that:
¢ Balances economic, environmental and social
needs from a long-term perspective in terms of
decades or generations instead of years;

* Incorporates the views of a wide cross-section of
the community; and

* Tracks its progress in reaching the future.

(Source: www.communitiescommittee.org)

Walkable—Streets and places designed or reconstruct-
ed to provide safe and comfortable facilities for pedes-
trians, and are safe and easy to cross for people of all
ages and abilities. Walkable streets and places provide
a comfortable, attractive and efficient environment
for the pedestrian including an appropriate separa-
tion from passing traffic, adequate width of roadside

to accommodate necessary functions, pedestrian-scaled
lighting, well-marked crossings, protection from the el-
ements (e.g., street trees for shade, awnings, or arcades
to block rain), direct connections to destinations in a
relatively compact area, facilities such as benches, at-
tractive places to gather or rest such as plazas and visual-
ly interesting elements (e.g., urban design, streetscapes,
architecture of adjacent buildings).

Walkable Communities—Walkable communities
possess these two attributes: first, by location, in a
mixed-use area within an easy and safe walk of goods
(such as housing, offices, and retail) and services (such
as transportation, schools, libraries) that a community
resident or employee needs on a regular basis. Second,
by definition, walkable communities make pedestrian
activity possible, thus expanding transportation op-
tions, and creating a streetscape that better serves a
range of users—pedestrians, bicyclists, transit riders
and automobiles. To foster walkability, communities
must mix land uses and build compactly, and ensure
safe and inviting pedestrian corridors.

(Source: www.smartgrowth.org)

Additional Sources of Definitions

Victoria Transport Policy Institute. TDM Encyclo-
pedia Glossary. May 10, 2005. www.vtpi.org/tdm/
tdm61.hem.

Federal Highway Administration. FHWA Function-
al Classification Guidelines, Section II. Concepts,
Definitions, and System Characteristics. April 2000.
www.thwa.dot.gov/planning/fcsec2_1.htm.

Metropolitan Transportation Commission (San Fran-
cisco Bay Area). Arterial Operations Program Ped/
Bike Safety Toolbox. April 2003. www.bayareatraffic-
signals.org/toolbox/Tools/BikeBlvd.html
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Appendix 2

Introduction to Context Sensitive Sdlutions (CSS)

What is CSS?

CSS is a different way to approach the planning and de-
sign of transportation projects. It is a process of balanc-
ing the competing needs of many stakeholders starting
in the earliest stages of project development. It is also
flexibility in the application of design controls, guide-
lines and standards to design a facility that works for all

users regardless of the mode of travel they choose.

There are many definitions of CSS (see sidebar for
example definitions from state DOTs) but they share
a common set of tenets:'
* “Balance safety, mobility, community and en-
vironmental goals in all projects;

* Involve the public and stakeholders early and
continuously throughout the planning and
project development process;

* Use a multidisciplinary team tailored to project
needs;

* Address all modes of travel including pedestri-
ans, transit/paratransit, bicycles, private mo-
tor vehicles and freight;

* Accommodate all types of travelers including
young, old and disabled, as well as able bod-
ied adults safely, conveniently and comfort-
ably on all thoroughfares;

* Apply flexibility inherent in applying design
guidelines and standards; and

* Incorporate aesthetics and accessibility as an
integral part of good design.”

These tenets can be applied to the planning and de-
sign of any type of transportation project in any con-
text, the result of which is aptly summarized in the

1. Expanded from a list of Principles from the Minnesota De-
partment of Transportation as published on the University
of Minnesota’s Center for Transportation Studies Web site
www.cts.umn.edu/education/csd/index.heml

CSS as Defined by State Departments
of Transportation

“Context sensitive solutions use innovative and
inclusive approaches that integrate and balance
community, aesthetic, historic and environmen-
tal values with transportation safety, maintenance
and performance goals. Context sensitive solu-
tions are reached through a collaborative, inter-
disciplinary approach involving all stakeholders.”
California Department of Transportation

“Context Sensitive Solutions (CSS) is a philosophy
wherein safe transportation solutions are designed
in harmony with the community. CSS strives to bal-
ance environmental, scenic, aesthetic, cultural and
natural resources, as well as community and trans-
portation service needs. Context sensitive projects
recognize community goals, and are designed, built
and maintained to be sustainable while minimizing
disruption to the community and environment.”
New York State Department of Transportation

“The essence of CSS is that a proposed transporta-
tion project must be planned not only for its physical
aspects as a facility serving specific transportation
objectives, but also for its effects on the aesthetic,
social, economic and environmental values, needs,
constraints and opportunities in a larger commu-
nity setting. WSDOT endorses the CSS approach
for all projects, large and small, from early planning
through construction and eventual operation. CSS
is a process that places a high value on seeking and,
if possible, achieving consensus. WSDOT's belief is
that consensus is highly advantageous to all parties
and may help avoid delay and other costly obstacles
to project implementation.” Washington State
Department of Transportation

following quote from A Guide to Achieving Flexibility
in Highway Design (AASHTO 2004):

“...a highway or transportation project that reflects a
community consensus regarding purpose and need,
with the features of the project developed to produce an
overall solution that balances safety, mobility and pres-
ervation of scenic, aesthetic, historic and environmental
resources.”
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Why CSS is Important
CSS principles applied to the planning and design

of a transportation project can make the difference
between a successful project valued by the com-
munity or an embattled project taking years or
even decades to complete, if ever. There are nu-
merous examples of transportation projects that
have ground to a halt or that have been held up in
the courts long before final design is ever reached.
Why? One common theme in these unsuccessful
projects is not just contention over the project,
but a lack of understanding of what the commu-
nity values and a failure to address stakeholder is-
sues and concerns. Some common issues that affect
transportation projects include:

* Real or perceived incompatibility with sur-

roundings;

* Community impacts;

* Emphasis on mobility without consideration
of other community values;

* Disproportionate distribution of benefits or
impacts (environmental justice); and

* Lack of stakeholder education and participation
throughout the planning and design processes.

A CSS approach to the planning and design of a
transportation project (otherwise referred to as a CSS
process) cannot guarantee resolution of issues or even
alleviate all contention. It can, however, minimize
problems and delays by ensuring stakeholder involve-
ment, identification of issues and community values
and evaluation of alternative solutions that meet the
needs and purpose of the project and address issues to
the extent possible. A successful CSS process builds
consensus on the best possible solution and promotes
community ownership in the results.

Elements of Effective CSS

An effective CSS approach to transportation planning
and project development can take many different
forms, but should include the following key elements:
* A common understanding of the purpose and
need of the transportation project;

* Stakeholder involvement at critical points in
the project;

Benefits of CSS

“As an approach to transportation, CSS has spread
rapidly since 1998. In large part this is because CSS
practitioners and advocates understand and em-
brace its many important benefits:

e (CSS solves the right problem by broadening
the definition of “the problem” that a proj-
ect should solve, and by reaching consensus
with all stakeholders before the design pro-
cess begins.

e (SS conserves environmental and communi-
ty resources. CSS facilitates and streamlines
the process of NEPA compliance.

e (SS saves time. It shortens the project devel-
opment process by gaining consensus early,
thereby minimizing litigation and redesign
and expediting permit approvals.

e  (CSS saves money. Shortening the project de-
velopment process and eliminating obstacles
save money and time.

e  CSS builds support from the public and the
regulators. By partnering and planning a
project with the transportation agency, these
parties bring full cooperation, and often ad-
ditional resources as well.

e  CSS helps prioritize and allocate scarce trans-
portation funds in a cost-effective way, at a
time when needs far exceed resources.

e  Group decisions are generally better than
individual decisions. Research supports the
conclusion that decisions are more accepted
and mutually satisfactory when made by all
who must live with them.

e (CSS is the right thing to do. It serves the
public interest, helps build communities and
leaves a better place behind.”

Source: www.contextsensitivesolutions.org

* Multidisciplinary team approach to planning

and design;

* Attention to community values and qualities

including accessibility, environment, scenic, aes-
thetic, historic and natural resources, as well as

safety and mobility; and

212 Designing Walkable Urban Thoroughfares: A Context Sensitive Approach



* Objective evaluation of a full range of alternatives.

Purpose and need: Understanding the purpose and
need of the project includes developing an inclusive
problem definition/statement that represents a com-
mon viewpoint of the problem among the stakehold-
ers. According to the Federal Highway Administra-
tion (2005), “the purpose and need is the foundation
of the decision-making process, influencing the rest of
the project development process, including the range
of alternatives studied and, ultimately, the selected
alternative.” The generally accepted characteristics of
an effective purpose and need statement include:

* The statement should be concise, easy-to-read

and readily understandable.

* It should focus on essential needs, goals and
policies for the project, which generally re-
late to transportation issues (such as mobility,
safety, accessibility and reliability); it should be
careful to delineate other desirable elements
(environmental protection, scenic improve-
ments) as separate from the purpose and need.

* Itshould be supported by data and policy that
justify the need.

* It should focus on the problems that need
to be addressed, and for which a proposed
project is being considered, (for example, the
purpose is to improve safety along a highway
segment that has a high accident rate), and
should not be written in a way that prema-
turely focuses on a specific solution or too
narrowly constrains the range of alternatives

(e.g., the purpose is to widen the highway).

Stakeholder involvement: Stakeholders are agen-
cies, organizations, or individuals who have some
level of authority over, an interest in, or may be
potentially impacted by a transportation project.
An effective CSS approach allows for meaningful
stakeholder participation—meaning that stakehold-
ers have an opportunity to participate in decisions
or contribute in a way that can influence decisions.
The CSS process can range from information dis-
semination, education and the provision of stake-
holder input and comments to proactive hands-on
involvement through town meetings, workshops,
charrettes and advisory committees.

Multidisciplinary team approach: A multidisci-
plinary approach to planning and design incorporates
the viewpoints of the various agencies, stakeholders
and professionals who have roles or areas of concern
in the transportation project. The different view-
points allow coordination between different activities
and resolution of competing interests. A multidisci-
plinary team approach can also result in a broader
range of potential alternatives that meet multiple ob-
jectives. The makeup of planning and design teams
can vary significantly depending on the nature of the
project and can include anyone or any organization
connected with the project, including, but not lim-
ited to, the following:
* Transportation planners;

* Highway/traffic and transit engineers;
* Environmental scientists;

* Resource agency representatives;

* Land use planners;

* Urban designers, architects;

* Landscape architects, urban foresters;
* Property owners;

* Users;

 Utility and transit owners/operators;

* Community and interest group leaders/repre-
sentatives;

* Elected or appointed officials; and

* Fire, police, highway maintenance representatives.

Attention to community values and important
qualities: Citizens value specific attributes of their
community, whether it is the economic vitality of
their downtown, their history, ease of mobility and
safe streets, the quality of schools, natural resources,
scenic qualities, or their system of parks. These im-
portant values can be overlooked in the evaluation
process. The CSS approach works with stakeholders
and the community to identify their values. It strives
to integrate these values into evaluation criteria, and
develop alternatives to preserve and enhance commu-
nity attributes and address concerns.

Objective evaluation of a full range of alternatives:
At a minimum, the development of alternatives must
meet the purpose and need of the project. Ideally,

Appendix 2: Introduction to Context Sensitive Solutions (CSS) 213



alternatives developed in a CSS approach meet the
purpose and need, preserve and enhance community
values and address stakeholder concerns. They also
educate the design professional about factors that are
important for project success and acceptance. Ob-
jectivity is important and all possibilities should be
screened in a process that involves the stakeholders.
The development, evaluation and screening of alter-
natives are opportunities to educate non-technical

stakeholders.

For a more detailed discussion of the elements of an
effective CSS process refer to NCHRP Report 480: A
Guide to Best Practices in Achieving Context Sensitive
Solutions (TRB 2002).

Conventional Process Versus CSS

There are fundamental differences in the approaches
to design that can result in different outcomes. Con-
ventional thoroughfare design is frequently driven
by traffic demand and level of service objectives. The
first two design elements of a thoroughfare are typi-
cally determined in the transportation planning pro-
cess—functional classification and number of lanes.
The outcome of this vehicle mobility-focused process
influences the rest of the design process, from work-
ing with stakeholders to the final design. A pre-de-
termined outcome can be a source of conflict with
stakeholders that delays or even stops projects because
the thoroughfare design may not be considered com-
patible with its surroundings or does not address the
critical concerns of the community.

CSS-inspired thoroughfare design also begins the
transportation planning process with an emphasis on
identifying critical factors and issues before establish-
ing design criteria. Certainly functional classification,
travel forecasts and levels of service are factors to con-
sider in CSS, and may be a high priority objective un-
der many circumstances. Through a multidisciplinary
approach, including a full range of stakeholders, the
process seeks to identify the core issues/problems, de-
velop a spectrum of alternatives and reach consensus
on the best solution. The process may determine that
level of service needs to be balanced along with en-
vironmental, historic preservation, or economic de-
velopment objectives in the community. This process

results in a well thought out and rationalized design

tradeoff—the fundamental basis of CSS.

An inclusive process is not a guarantee of success, but
it often results in early acceptance and community
ownership of transportation projects. The tenets of
CSS in thoroughfare design are summarized in the
principles described in the next section.

CSS Principles, Processes and
Outcomes

The qualities and characteristics of a transportation
project were originally developed at a conference
in Maryland in 1998 entitled “Thinking Beyond
the Pavement.” In 2007, at a meeting of the AAS-
HTO Standing Committee on Highways, a group of
FHWA, state department of transportation and in-
stitutional representatives refined the definition and
principles of CSS resulting in a list of process charac-
teristics and outcomes. These process characteristics
and outcomes have become measures by which suc-
cessful context sensitive solutions are judged.’

Based on the refined definition, context sensitive so-
lutions is guided by a process which:

* Establishes an interdisciplinary team early,
including a full range of stakeholders, with
skills based on the needs of the transportation
activity.

* Secks to understand the landscape, the com-
munity, valued resources and the role of all
appropriate modes of transportation in each
unique context before developing engineering
solutions.

* Communicates early and continuously with
all stakeholders in an open, honest and re-
spectful manner, and tailors public involve-
ment to the context and phase.

e Utilizes a clearly defined decision-making
process.

2 Refer to “Results of Joint AASHTO/FHWA Context Sensitive
Solutions Strategic Planning Process, Summary Report, March
2007”. Prepared by the Center for Transportation and the En-
vironment at North Carolina State University. The document
can be found at www.contextsensitivesolutions.org.
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Tracks and honors commitments through the
life cycle of projects.

Involves a full range of stakeholders (includ-
ing transportation officials) in all phases of a
transportation program.

Clearly defines the purpose and seeks consen-
sus on the shared stakeholder vision and scope
of projects and activities, while incorporating
transportation, community and environmen-
tal elements.

Secures commitments to the process from lo-
cal leaders.

Tailors the transportation development pro-
cess to the circumstances and uses a process
that examines multiple alternatives, including
all appropriate modes of transportation, and
results in consensus.

Encourages agency and stakeholder partici-
pants to jointly monitor how well the agreed-
upon process is working, to improve it as
needed, and when completed, to identify any
lessons learned.

Encourages mutually supportive and coordi-
nated multimodal transportation and land-
use decisions.

Draws upon a full range of communication
and visualization tools to better inform stake-
holders, encourage dialogue and increase
credibility of the process.

Context sensitive solutions lead to outcomes that:

Are in harmony with the community and pre-
serve the environmental, scenic, aesthetic, his-
toric, and natural resource values of the area.

Are safe for all users.

Solve problems that are agreed upon by a full
range of stakeholders.

Meet or exceed the expectations of both de-
signers and stakeholders, thereby adding last-
ing value to the community, the environment
and the transportation system.

Demonstrate effective and efficient use of re-
sources (people, time and budget,) among all
parties.
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